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ABSTRACT 


This thesis studies the pattern of sediment transport in two 
small streams in the Canadian Rocky Mountains, relating sediment trans- 
port to water discharge. Bed-load measurements are made using low weirs 
to trap sediment in both Two O'Clock and Bridge Creeks and in addition, 
bed-load basket sampler measurements and suspended load samples are 


taken in Bridge Creek. 


Weir sedimentation results for measuring bed-load transport in 
Two O'Clock Creek show a close relationship between bed-load discharge 
and water discharge. The analysis of basket sampler results from Bridge 
Creek illustrates that the bed-load discharge/water discharge ratio is 
greater prior to the season's peak flow than after this peak. As a 
result, two bed-load rating curves are used in Bridge Creek, and both 
these show a close relationship between water discharge and bed-load 
discharge, The critical water discharge required to entrain bed-load in 


Bridge Creek rose significantly after the peak flow. 


Tentative basket sampler efficiencies determined from basket 
sampler and weir survey results on Bridge Creek indicate an increase in 


“sampler efficiency as water and sediment discharge increase. 


Four commonly used bed-load formulae are applied in both 
Bridge and Two O'Clock Creeks to predict bed-load discharges, Asa 
result of the poor relationship between the predicted values and the 
measured bed-load discharges, it is concluded that the general 
application of bed-load formulae to small mountain streams will not 


provide an accurate estimation of bed-load. 


The analysis of suspended sediment concentration/water discharge 
ratios in Bridge Creek shows a progressive decrease as the runoff season 
progresses. While the relationship between sediment concentration and 
water discharge shows considerable variation, the explained variance can 
be significantly increased if the number of days between the start of the 


runoff season and the time of sampling is also included in the analysis. 


On the basis of qualitative observations in Bridge Creek 
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catchment, the most plausible hypothesis to explain the decline of both 
bed-load and suspended load/water discharge ratios is the reduction of 
sediment supply to the stream channel, This supply is probably related 


‘to spring thaw geomorphic processes within the catchment, 
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CHAPTER I 
INTRODUCTION 


1.1. Objectives 


At present very little is known about the pattern of sediment 
transport in alpine streams, In this study sediment transport is 


measured in two smali streams in the Canadian Rocky Mountains. 
The objectives of the study are threefold: 


a) To measure bed-load and suspended load and observe seasonal 


variations in the transport pattern. 


‘b) To relate any changes that occur in the transport pattern to 
qualitative observations of geomorphic processes controlling 


sediment sources, 


c) To compare measured bed-load transport rates with the results 
obtained from empirical bed-load formulae proposed by other 


workers. 


Mountain streams such as the two under study are suitable for 

- analysis for a number of reasons, Firstly, the streams are small and 
therefore relatively easy to handle with respect to the volume of bed- 
load which they transport in one season, Secondly, their basins are 
small and therefore can be studied in sufficient detail to determine 
generally where the sediment is coming from and what controls its supply. 
Thirdly, because of the presence of persistent snow fields that melt 
throughout the spring and summer, these small basins support almost 
continuous water flow throughout this period, This enables observations 


to be made of changes in sediment supply and sediment transport over time. 


As a result of their relatively low discharges, these small 
streams can be considered to be nearly as manageable as a flume, yet 
having all the complexities of a field situation, Because of the high 
energy geomorphic environment provided in an alpine basin, processes 
within the catchment are rapid and relationships between these and the 


sediment transport characteristics are more readily determined, 
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Lea ee Lie Field Area 


The two streams selected for this study are Two O'Clock Creek 
and Bridge Creek, They are both left bank tributaries of the upper 
North Saskatchewan River (Figure 1.1.). The area is known as the 
Kootenay Plains and lies twelve miles east of the Banff National Park 


boundary on the David Thompson Highway (No. 11). 


dhe aad be Physiography 


The streams traverse two major contrasting physiographic areas 


(Figure 1.2.): 


1) Steep mountain basins situated on the side of the North Saskatchewan 


River valley. 


2) The broad aliuvial fans which were deposited on the North Saskatchewan 
valley floor following the retreat of the last Wisconsin glacier 


(McPherson, 1970). 


A minimum date of 9330 + 170 years B,P, has been suggested for 
the final deglaciation of the area. This date is taken from a charcoal 
layer located near the Saskatchewan Bridge, 15 miles upstream from the 
field area (Westgate and Dreimanis, 1967). No exact date is availabie 


for the immediate field area, 


This study is concerned only with the catchment areas extending 


to the exit of each basin, 


Two O'Clock Creek drains an area of 3,5 square miles, From the 
head of the basin to the Two O'Clock Creek-North Saskatchewan Junction is 
4.8 miles along the channel and from the head of the basin to its mouth 
at the gauging site (Figure 1.2.) is 3.4 miles. The average stream 
gradient in the basin is 771 feet per mile and 332 feet per mile across 
the alluvial fan, The maximum elevation of the basin is 9,300 feet on 
the ridge at the head of the catchment and the basin exit is at an 


elevation of 4,330 feet (McPherson, 1971la)., 


Bridge Creek drains an area of 6.1 square miles with a maximum 
altitude of just over 9,000 feet at the head of the basin. The distance 
from the source of the stream to its exit from the catchment at the weir 


site (Figure 1.2.) is 5.2 miles along the channel and from the source to 
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Source : Eastern Rockies Forest Conservation Board, Management Report No 2 (1948) . 
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———-— Basin and Fan Boundaries ( McPherson, unpublished data, 1971.) 
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the stream's confluence with the North Saskatchewan River is 6.5 miles, 
The basin exit is at an elevation of 4,720 feet at the fan apex, giving 
a relative relief within the basin of approximately 4,280 feet. The 
average slope of the stream within the catchment is 533 feet per mile 


and across the upper part of the fan is 435 feet per mile. 


Both basins contained tributaries of the North Saskatchewan 
glacier during the Pleistocene and as a result the lower portions of the 
basins below the tree line are mantled with till and fluvioglacial 
deposits, The tree line at 7,000 feet coincides approximately with the 
proposed maximum thickness of ice in the main valley system (McPherson, 
1970). Above this elevation the slopes consist of bare rock, scree and 


colluvial material, In places, this material overlies the till. 


Since the Pleistocene, Two O'Clock Creek and Bridge Creek have 
cut steep-sided inner gorges into these accumulated sediments to a depth 
of over 150 feet in places, From observations in the field it appears 
that these streams are now running on the original bedrock valley floor 
or on a thin mantle of alluvium covering the floor, At a number of 
‘locations the streams have cut into the bedrock, particularly at the 


position of waterfalls along each profile. 


tee oll Bearock Geology 


The study area is underlain by sedimentary rocks of the Main 
Ranges and Front Ranges Subprovinces, the rocks of which vary in age 
from Jurassic to Proterozoic (Figure 1.3.), These two Subprovinces are 
separated along a massive series of thrusts classed together as the Main 
Ranges Fault Zone. Ranges in both Subprovinces are roughly parallel and 
assume an alignment generally from the northwest to the southeast (North 


and Henderson, 1954), 


The lower portions of Bridge and Two O'Clock basins are under- 
lain by rocks of the Front Ranges Subprovince, The Borgeau Thrust Fault, 
trending northwest southeast, intersects the stream channels at approx- 
imately 7,300 feet. The upper parts of the basins above this altitude 
are underlain by rock occurring in the transitional belt along the Main 
Ranges Thrust Zone, Along the Borgeau fault the older Proterozoic beds 


have overridden the strata of the Middle and Upper Palaeozoic and Lower 
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Mesozoic (Verrall, 1968), According to recent studies by Price (unpub- 
lished), reported by Hirst (1971), the succession from the top of the 
divide at the head of the two basins, to the basins' exits is as follows: 
Stephen, Cathedral, Gog, Miette, Fernie, Spray River, Rocky Mountain and 
Rundle, 


Lithologically, limestones and dolomites are dominant with 
quartzites, sandstones, slates, shales, pebble conglomerates also 
present, A description of the lithologies associated with each group is 


given in Table I.1. 


Many brecciated, recessive weathering, and partly covered 
intervals are contained within the Starlight Evaporite and Vega Silt- 
stone Members of the Whitehorse and Sulphur Mountain Formations (pers, 
comm, D.,W, Gibson, April 1972). These characteristics generally 
indicate a poor degree of induration or cementation. Therefore these 
two members probably contribute the highest proportion of sediment to 


the surrounding streams, excluding the Pleistocene sediments, 


The most significant erosion of the Starlight Evaporite and 
Vega Siltstone beds occurs in the very northern portion of the Bridge 
Creek catchment to the immediate east of the Middle Cambrian 
outcrop (Figure 1.3.) (pers. comm, D.W. Gibson, April 1972). Throughout 
“ the rest of the field area, the limestones, dolomites, quartzites, sand- 
stones and pebble conglomerates are relatively resistant to erosion. 
This leaves only the shales and slate outcroppings as areas of very 
active scree development. These fine-grained rocks appear to be very 
susceptible to physical erosion and often break down to form clastic 


debris, fine enough for transportation by mudflow action. 
1.2.3. Climate 


In general, the area experiences a cold subhumid climate but 
specific characteristics are difficult to describe because of the lack 


of continuous data, 


The nearest station operating all year is at Nordegg, 31 miles 
to the northeast and in the foothills, Records at this station (Table 
I,2.) show relatively high precipitation values, probably because of its 


exposure to the east. More typical of the field location are the climate 
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10 
stations at Jasper and Banff (Table I.2.). Both these sites are located 
in rainshadow areas within large river valleys protected from both the 


west and the east (pers. comm, R,W, Longley, April 1972), 


From what information there is available, the field area also 
appears to be an area of locally unique arid climatic characteristics 
(Hirst, 1971). In 1954 the Eastern Rockies Forest Conservation Board 
set out a network of storage precipitation gauges in the headwaters of 
the North Saskatchewan River, The records for these gauges located near 
the field area are given in Table I,3. and the location of the gauges is 
shown in Figure 1.1, (Eastern Rockies Forest Conservation Board Manage- 
ment Report No, 2, 1968), The site on the fan near the study area 
(Gauge No, 2) shows the exceptional aridity of this location, a factor 
probably caused by the orographic effect of the Ram Range to the east 
(pers. comm, R.W, Longley, April 1972), Other gauges nearby are either 
at higher elevations or in valleys orientated east-west (Figure 1.1.). 
In a recent analysis of the soils of the area, Pettapiece (1971) 
constructed an isohytal map which he emphasizes "is partly conceptual" 
but is based on the values of the storage gauge records and other 
precipitation-altitude gradient records in alpine areas. He predicts 
that by an elevation of 6,000 feet A.M.S.L. the precipitation in the 
field area is in excess of 20 inches per year and by 7,000 feet it 
likely exceeds 25 inches per year, While these values are probably not 
accurate for any particular site, they do indicate the disparities in 


precipitation which may occur over short distances. 


tea as Vegetation 


The field area is characterized by a vegetative climax of 
Engelmann Spruce (Picea engelmanii) or Engelmann - white Spruce (Picea 


glauca) hybrids and alpine fir (Abies lasiocarpa) (Rowe, 1959), 


Notable within the area is the disturbance of the forest cover 
by fire, The result of burning is the dominance of lodgepole pine (Pinus 
contonta var, latifolia), Only small areas of spruce-fir forest were 
noted and these can be detected in Plate 21 as the darker patches of 
vegetation within the forest cover, The majority of the forest consists 
of virtually pure stands of pine with lesser amounts of mixed pine-spruce 


stands, The extremely arid sites on exposed southwest facing slopes and 
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12 
ridges have very sparse tree growth although numerous stumps observed in 


the field indicate a denser stand in the past (see also Pettapiece, 
1LOv1L)e 


Near the alpine zone and on the exposed ridges at higher 
elevations, a meadow type of vegetation is prevalent. Juniper is a 
dominant species (Juniperus) and cinquefoil (Potentilla fruticosa) is 
also present, In addition to grasses, several legumes and alpine herbs 
grow. The few trees and shrubs in these locations are stunted and often 


show signs of layering. 


On the fan surfaces below the basins the dominant tree type is 
aspen (Populus tremuloides) and on the moist sites near the stream 


channels balsam poplar (Populus balsamifera) or spruce dominate. 


Leet Hydrology 


Davis and Coulson (1967) subdivided the headwaters of the North 
Saskatchewan River into hydrologic zones based on mean monthly discharges. 
Bridge and Two O'Clock Creeks are in the Northern Mountain Zone which 
Davis and Coulson regard as a well defined zone having similar flow 


characteristics throughout... 


Three streams are selected that drain within the Northern 

- Mountain Zone and their flow characteristics are examined in general 
terms, to provide an introduction to the hydrological environment of the 
study area. These streams are Marmot Creek, Twin Creek and Ghost River 
and are located approximately 90 miles southeast of the study area. 

They are tributaries of the Bow and Kananaskis Rivers, The data for 


these streams are given in Table I,4. 


All three streams show very similar runoff patterns. Flows 
are very low during the winter and early spring. They remain low until 
late May when significant increases in discharge usually start to occur, 
The major spring peak flow occurs within the last few days of May or in 
the first half of June. Throughout the early part and middle of summer, 
discharges remain relatively high with the continued possibility of 
additional peak discharges as a result of rainstorms and snow melt, By 


late July or August the flows decline again to near their winter values. 


Monthly averages are not possible for the two years of records 
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TABLE 1.4: 


HYDROMETRIC DATA FOR SELECTED STREAMS WITHIN THE ROCKY MOUNTAINS, ALBERTA 











Station No, 





ce 5 * Drainage area Mean monthly and mean maximum Years of 
Station (Water Survey : : 

square miles monthly discharges record 

of Canada) ; 
stead. att Geb. sa) 
J F M A M ay 4) A S O N D 

Marmot 5BF16 3. 63 0,60°0.60 0,52 0,85 96.38 22) 721147744, 5993. 0G1 in / mele ome 1965 - 
Creek 0882 "0565 0.88 1791 "21.84 3754525276 7237 4255 onGeee emis, 1968 
Twin 5BF18 Te OZ 0,26 30221 0 4L8-O8/L9 21561 (8; 66° 47535 175391, 0s se 23eOns eos 1965 - 
Creek 0.130 0. 29 052590533: 26,95 15.37 723081581 Leas e160 mow eo 1968 
Ghost 5BG2 . 80,50 - - - 20 ded 508 320 197 144 92 50 - 1966 - 
River - - - 36 369 3631 707~ 796 3184 227 64 - 1967 





Source: Surface Water of Alberta, Water Survey of Canada 1965-1968, 


the 




















> 
. ' \ 
ae? 1 2 
2 7 
S & 
a s ? 
. 
ta ; —— — SS i ee 
Ls _ : fs | ae 2 
= oF... Fy 2 Borie = Tie 
giartda Tamer sac 
: : _~ wear uar a a: 
= . ~ ~ i= 5 4) 
. get rou: 
a es aces r _ 
- es ne) ae a eT —_ — 
= § 
‘ 
4 La pa Di ve ~ i a iF 
* 
a 
a i 
4 
¢ 
. : 4 
2 


“find. bf sass Oy oe ED. ae Tae gH 
OSes O-te 1.1" 


ies 9" o> we? r WIS 2.0 Fees 
a" G4) ° ny ry oa ap 2 46. ou ~A if ay €.3 


—— a tc*z he ) : 


ut os ve 


ra 


wwmiTa th) enc 
Jou roi 88 segn ad aad 


—— ———— — — —_ —== + Sey ei 
ie _ — _ ee a ei 
° 
; a | ii (e. Oe aede ivi Me 
& 


14 
(1969, 1970) available for Two O'Clock Creek (McPherson, 1971la; 
McPherson, unpublished data, pers. comm, 1972) nor monthly values for 
the 1971 hydregraph record of Bridge Creek (Section 4.3.1.), because 
these data cover only two full months of the year. However observations 
of these daily discharge records show a very similar relationship to 
that discussed in the streams in Table 1.4. In Bridge and Two O'Clock 
Creeks, discharges remained low until the end of May or early June when 
the spring peak flow occurred, A second major peak in each stream 
occurred later in the summer and during June and early July discharges 
remained relatively high. The discharges declined in late Juiy and 


August with some exceptions due to heavy rainstorms, 
1,3. Methods 


The determination of bed-load transport has been attempted in 
many ways by other researchers, but these techniques fall into three 


principal categories: 
a) Direct sampling 
b) Estimations from bed-load formulae 
c) Trapping bed-load by sedimentation, 


All of these techniques were used in this study to determine a 
simple and reasonably accurate method of measuring or estimating bed-load 
transport in a mountain stream, Two other more recent techniques, that 
of tracer injection (Ramette and Heuzel, 1962; Hubbell and Sayre, 
1964; Hollingshead, 1968) and acoustic instrumentation (see Hubbell, 
1964; Hollingshead, 1968), have not been used. Bridge Creek was sampled 
with a small size, wire mesh basket sampler and the hydraulic character- 
istics of both streams were measured for use in the empirical equations 
which rely on water, sediment and channel variables to compute discharge 
of bed-load, In addition each stream was dammed with a low weir to trap 


the moving bed-load sediment in the pool behind, 


Finally a reconnaissance was made of Bridge Creek catchment 
from field observations using aerial photographs to assist in the 
qualitative determination of possible sediment source areas, Bridge 
Creek catchment was selected from aerial photographs because it appeared 


to have more areas of accelerated erosion near the stream channel, 
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Special attention was given to the supply of sediment to the stream 
channels and how this supply would fluctuate throughout the season, As 

a result,a relationship between the geomorphic processes within the basin 
and the sediment transport characteristics has been tentatively 


formulated, 
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CHAPTER II 


THEORY 


2.1L, Sediment. Load 


The total sediment load is the mass rate of discharge of solid 
materials transported by the stream, This is usuaily artificially 
subdivided into categories which are commonly defined as follows 


(Einstein, 1950): 


Washload refers to the very small sediment particles trans- 
ported by the flow which are not found in significant quantities in the 


stream bed, 


Bed material load refers to the sediment particles transported 


by the flow which are found in significant quantities in the stream bed. 


Suspended load refers to the sediment particles which are 


suspended in the flow turbulence. 


Bed-load refers to the sediment particles which are too heavy 
to be suspended by the turbulent action of the flow, These particles 


move by rolling, sliding or saltating along the stream bed. 


It would appear from this classification that bed-load is 
easily defined; however there are many problems associated with the 
measurement of bed-load in the field. Firstly, depending on the flow 
conditions at the time of measurement, sediment may at one time be 
suspended load and at another time be bed-load, Secondly, the elevation 
above any particular point on the channel bed at which bed-load becomes 
suspended load is difficult to define for bed-load measuring purposes, 
Consequently small errors committed in estimating the separation level 
between the bed-load and suspended load can have large scale effects on 


the measured bed-load rate (Stein, 1968), 


In this study it is assumed that there is a sufficient drop in 
velocity behind both weirs to prevent the continued passage of rolling, 
sliding or saltating bed-load particles and that any material carried 


through the pool is in suspension. It is also assumed that any material 
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caught in the bed-load sampler is bed-load. It is possible that a 


certain amount of suspended material would settle cut in the pools, 
particularly at moderate discharges. Because of a loss of data during 
the laboratory analysis, it was not possible to compare the mechanical 
analysis of the suspended load with the finer material caught in the 
weir. For this reason it must be stressed that the amount of material 
caught in the weirs, while the best possible estimation of bed-load 
available under the circumstances, is probably an over-estimation due to 
the presence of some suspended material that has settled out with the 


decrease in velocity. 
2.2. Sedimentation 


Several bed-load measuring techniques have been developed 
involving sedimentation. Muhlhofer trapped bed-load sediment with a 
number of pit samplers, the top of which were flush with the channel bed 
(Federal Interagency River Basin Committee, 1940). Other more elaborate 
structures continuously withdraw and weigh bed-load after it falls into 
a slot or pit in the stream bed (Federal Interagency River Basin 
Committee, 1940; Einstein, 1944; Milhous and Klingeman, 1971). A 
similar technique to that used in this study is the determination of 
bed-load discharge by.measuring the time required for a pit of known 
_volume, excavated in the stream bed, to fill with sediment (Hollingshead, 
1968). 


Brown, Hansen and Champagne (1970) developed an accurate system 
for measuring total sediment discharge from small watersheds in Arizona. 
It consists of a concrete weir with a reservoir behind it which catches 
the coarse sediment load. This is emptied periodically and the sediment 
weighed or the volume estimated, depending on the amount caught. In 
addition, there are a series of water-sediment splitters within the weir 
structure. These collect (by repeatedly dividing part of the stream flow 
into smaller and smaller portions) a representatively split sample of 
water and suspended sediment mixture for the determination of suspended 
sediment load. However, care must be taken to prevent the reservoir 
filling with sediment as the splitters are not capable of handling the 


coarser bed-load grain sizes. 


Milhous and Klingeman (1971) have utilised a particularly 


vs 7 | . 
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18 
sensitive technique for measuring even minor fiuctuations in bed-load 
discharge, The design is based on a vortex tube sand trap for excluding 
sediment from canals, It consists of a vortex flume constructed 
diagonally across the channel bed, A vortex of flow along the flume 
removes bed-load, along with a small fraction of the total stream flow, 


to an off channel trap where the sediment is collected and weighed, 


While sedimentation techniques are also subject to error in 
the estimation of bed-load transport, it is assumed in this study to be 
the most accurate technique. The time and expense that have gone into 
recent sedimentation studies of bed-load transport (Brown, Hansen and 
Champagne, 1970; Milhous and Klingemann, 1971; McPherson, 197la) suggest 
that this technique is regarded as more accurate than the simpier direct 
sampling methods using portable samplers, For this reason the reiatively 
simple yet effective method of measuring the rate of accumulation of 
sediment behind a weir was selected (McPherson, 197la). While this 
technique is not as sensitive to fluctuations of bed-load during time as 
many of the sampling or continuous withdrawal methods are, the result for 


each survey approaches an absolute value, 


2.3. Direct Bed-load Sampling 


The simplest method of measuring bed-load discharge is to use 
-a portable sampler. There are, however, inherent difficulties in this 
technique. Because the sampler represents an obstruction to flow, it 
disrupts the flow pattern and the bed-load transport pattern near the 
sampler. Also, as the sampler fills with sediment, it acts as more of an 
obstruction to flow than when empty and its rate of filling will change. 
‘It is evident that for accurate bed-load discharge measurements, the 
sampler must be designed so that the flow conditions near the bed are 
virtually unaltered, It is also desirable if the sampler can sample all 
grain sizes and orientate itself to the direction of flow. These problems 
of measurement cannot be overcome by the bed-load samplers presently in 
use and therefore each sampler type must be calibrated for the set of 
conditions in which it is being used, Taking these limitations into 
account, the most useful sampler is one that has a constant error, for once 


this error has been established, it can then be accurately accounted for. 


Hubbell (1964) reviews the apparatus and techniques for measur- 


a? 







haodeted atanoliutsol tonta*naibo % Sc Pruner aS a “Sang 
scibutoas wd yee htte odo viewady a “sh-baetd et oe s 
, Heros seiy> “Seott ant yarem te feel ‘tits 32; Ses ore = 
sleud? og? aria” wil xu Pag Foy bao Tere. 5 qeotiid yitadeps hs 
at? weerde* bases Soro ues 2872 fteies & fibte ‘anata “tee hed wevemiin 
m4 jw fosebetoation 21 fromibee sts sredy wn - Tada We oe 03 


re 


a 


ab Seegoen 3 | dire 68a sun aur wate saint iobtas ieeaben oe G ; 
- ‘eto woos? ceii3s-js Dire ae et 2 prod Sib aa | haoy>hadi ta nooks arly * 
wwarth gave ote bee stid oe sapere ia ‘996Fu ate coawalerces ; 
suteoll ott + upyongiet) bedivbad io eons | ‘mamodn tees ‘Snaeae : 
Jieiole (nltOl+,yotasttoy . fOr Aiamage Mt) be, See eee es 
Ge 2 ib 7 a’ es i aids S479 SR,= 1 igh 1 trios . 3: oui paricynd and aed 
| wt arti ¢god - ek 209 any foe Pus ‘304) 3 5 Tad, she (fed yanks Gamal a 
ata lum ase 29 oes SAF Si rsianea Jd bare avisndite jag abgais * i 

| Li! , Gores ,noeva Mom). lose ahaa eRe tee & vrtiled sane iiane 

a i" TH, rut Giabad to BAROLO PS wy oy ee, Sus ae lan — at cane Jani 
: 4 bts Set tai Sth SEetg 1geTO8, 1 digiscinee, silj de Vm 
“eu i w? oipheeail jie eoltunohages oie ee _ 


uit fhuee “yoct- hee tema SR 


él eit ber . “bad unirueaemao f RS tt fusiquis ant : : : - 

ait? ff aoltivoliith Jeoretrsy, . ta) ijt tere aeect ~ ral qth * 
3) ool? of cefizuntade dh ge aeearqer Seige eee re Sup in ' ae 
et) 150 HISIILG’ I¥eG 13. i vad eri bie. Hts 16 wait ood easel 7 
GA 1)) oom’ OA e390 PL Iw Tiss ly wt ihe 13 faihak eis wh <undA, folegstn a 
egos {fiw.qugit i ic ose1 #32 Qriy ape saint npahe Seek? 93 aoivsmitade ? 
a0? ed nuegtuencn wes ectue lb bewls iged siaucsae 02 dat doe ivs SESE 
wa bad gid rgop 2n0}4;bec2 vot? old Jedd me Meagtsst ol tame a 


35m obynee omy solgene et] ih: SAGE REAR BT beets ee a0 “ 
ey wot pnidacpiniesdy bed aieea: pe: 2 | 


- f =) z aes >. hreienaah sabe thas” an sine 
; p San. a us sl rc er oe Soy ee, 
med fie Rae one Sane Pe me" 


- 











Sop 


. 7 - 


19 


ing bed-load. He considers the factors that contribute most to inaccur- 
acies in sampiing. The oscillating variation in bed-load discharge 
shown by Ehenberger (1931) and Einstein (1937) is the most severe source 
of error. These oscillations show very marked variations of up to ten 
times within a few minutes. A satisfactory means of overcoming this 
problem is to take a sufficient number of samples during each sampling 


period, and thus find an average transport rate (Hubbell, 1964), 


For this study, a basket sampler was selected. On the basis 
of work done by Hollingshead (pers. comm.) it appeared to be the sampler 
type with the most constant efficiency factor, although it is not 
necessarily the highest. A small sized basket sampler was selected for 
ease of handling in such a small stream. The sediment sampled in Bridge 
Creek was coarse-grained and thus suitable for collecting in a quarter 


. inch wire mesh basket, 


In his review, Hubbell states that the average efficiency of 
the basket sampler is 45 per cent. Evidence from the present study and 
from work currently being undertaken in the Hydraulics Laboratory at the 
University of Alberta (pers. comm, Charles Gibbs, 1972) suggested that a 
range of 50 per cent at high discharges to 30 per cent at low discharges 


would be more realistic, 


_2.4. Estimation of Bed-load Discharge by Formulae 


The relationships that exist between the flow of water in a 
river and the mobile boundary are complex in detail and even in ideal 
situations they are not fully understood. However, this has not 
prevented numerous attempts to devise empirical relationships between 
the variables and thus attempt a prediction of the bed-load capable of 
being transported. These predictions are necessary because of the 


extreme difficulty of measuring bed-load transport in rivers of any size. 


The first of these relationships was proposed by du Boys in 
1879 (see Leliavsky, 1966) and is based on a tractive force criteria. 
Here the transport rate depends on bed shear, critical bed shear, slope 


and sediment size. 
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20 
der Taio (vo - Tc) 
Where: dg ~ volumetric rate of sediment transport 
fo = tractive force at a given depth of flow 
te = critical tractive force at the threshold 
of motion 
M = material parameter which is a function of 


the slope and the particle size 


This resulted in a group of equations known as the tractive 
force formulae, an example being that of Shield's (1936): 
Hy SO UES Gyo) 


(Ys - yf) ys d 
Where: 85 = rate of sediment transport by weight per 


unit width 
d = grain size 
q = water discharge per unit width 
(to - tc) = same as for du Boys' equation 
S = bed slope 
yf = specific weight of water 


YS = specific weight of sediment 


Later workers used the close relationship between discharge and 


bed-load, above a critical discharge, to determine bed-load transport, 
Laursen (1957) and Rottener (1959) based their work on the relationship 
between bed-load discharge (Gy) and relative roughness (D/H) where D = 
grain size and H = depth of flow. Blench and Erb (1957) describe a 
technique for determining bed-load transport based on regime theory 


derived from the interrelation of self-adjusting variables in canals. 


Shulits and Hill (1968) have published a very comprehensive 
review of bed-load formulae and recognise that the selection of a bed-load 
formula for a particular range of field conditions is a problem, As yet 
there is no universal bed-load formula and no best or more accurate one 
to use under a wide range of conditions. They therefore recommend that 
it is prudent to resort to a few well-known selected formulae and to try 
these under a variety of field situations. A problem with this suggestion 
is that it assumes that the formulae which they suggest fall within the 


experimental range of any particular field situation requiring study. 
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21 
The three formulae that Shulits and Hill suggest are the Meyer- 
Peter and Muller (1948) formula, the Straub (1935) formula, as these 
represent the tractive force group of formulae, and the Schoklitsch 
(1934) formula as a discharge based formula. They do not imply that 
these equations are more accurate than any other, but that they merely 
agree more closely with the other formulae that they represent in their 


group. 


These equations can be applied in a great variety of field 
conditions, such that coefficients and exponents may be obtained although 
these may be only valid for particular fluvio-geomorphic regions. 
"Turbulence research, being intrinsically so difficult and so time 
consuming, it is presently prudent to resort to a few selected and 
existing bed-load formulae" (Shulits and Hill, 1968, p. 7). However this 
‘method of adjustment will not improve the relationship unless the shape 
of the calculated bed-load rating curve roughly parallels that determined 


in the field. 


The fact that these joint authors have made no attempt to 
relate any of the formulae that they examine to actual field examples, 
reflects the lack of accurate bed-load data on which to base such an 
analysiseeiney statesthat "if at is sought ;emostilikely a field proof 
_of any formula could be found ... which would only be more confusing" 


(Cloceci bt. 


Several "proofs" have been found for a number of formulae and 
the combined result is that no uniform pattern emerges. Stall et al 
(1958) gives evidence for the accuracy of the Schoklitsch (1934) formula 
as a result of reservoir surveys in Illinois. Alternatively Richter 
(1964) found that the Schoklitsch (1943) formula agrees satisfactorily 
with measurements of degradation below dams in Austria, In contrast, 
Burz (1956) finds from sediment accumulations measured by reservoir and 
delta surveys in Bavaria that the Meyer-Peter and Muller (1948) formula 
agrees best. Hansen (1966) also supports this formula from measurements 
made with a bed-load sampler and from dune migration (see Shulits and 


Hilljen963)5 


The Task Committee for the Preparation of Sediment Manual, 


Committee on Sedimentation of Hydraulics Division (1971) examined thirteen 
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weii-known bed-load formulae in a study to find the most accurate 
formulae presently in use. Using total sediment discharge data from the 
Colorado River and the Niobrara River (sand bed rivers), they found that 
the Colby (1964) relation, Tofaletti (1969) formula and the Engelund- 
Hansen (1967) relation to be the most accurate, However the committee 
recommends that if suspended-load sampling is undertaken, then unmeasured 
bed-load discharge should be based on a Modified Einstein method to 


ebtain the most accurate method of total discharge determination. 


Hollingshead (1971) found that the Modified Einstein (Colby and 
Hubbell, 1961) technique gave the most accurate result of the three 
formulae that he tested in the Elbow River, a gravel bed river in the 
foothills of the Rocky Mountains, Alberta. In addition, Hollingshead 
obtained a very satisfactory relationship with the Cooper (1970) analysis 
which is particularly simple to apply. This latter procedure, however, 
requires accurate measurements of velocity at several representative 
cross sections and instrumentation for determining the width of mobile 


bed at these sites 


As a result of a review of recent literature pertaining to 
bed-load formulae, it was decided to apply four of the more commonly 
known equations to the two alpine streams under study. 


These are: 
1) the Meyer-Peter and Muller (1948) equation 
2) the Schoklitsch (1934) equation 
3) the Blench (1969) regime equation 
4) the Modified Einstein (Colby and Hubbell, 1961) equation. 


Shulits and Hill (1968) recommend the Meyer-Peter and Muller (1948) 
equation and the Schoklitsch (1934) equation as representing the tractive 
force formulae and the discharge formulae respectively. The Meyer-Peter 
and Muller (1948) equation has been developed for slopes between 0,006 
and 0.030 and grain diameters of 0.1 to 1.2 inches. The conditions in 
the study area are slightly beyond the upper extent of these conditions, 
but this formula has the closest experimental range of any of the four 


formulae used, 


The Schoklitsch (1934) formula has been developed under 
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experimental conditions of slopes between 0.004 and 0.030 and grain sizes 


between 0.1 and 0.3 inches. 


The Blench (1969) regime slope equation is used as it has been 
developed from the Gilbert (1914) data with grain sizes ranging up to 0.3 
inches, In addition Blench has had experience with the determination of 


bed-load in gravel rivers. 


Because of its wide Becegeeice and reports of considerable 
accuracy for a number of field locations including gravel bed rivers, the 
Modified Einstein equation (Colby and Hubbell, 1961) is applied. All 
four equations are used with considerable trepidation, however, as it is 
fully realized that the conditions in such rough boundary, steep, shallow 
mountain streams are not the conditions the formulae were derived for. 
Considerable variations in water temperature, bed armouring, rising 
and falling stage and possible changes in the supply of sediment to the 


stream may also effect the predictive accuracy of these equations, 


Ped eee veroreten and Muller Equation (1948) 


The Meyer-Peter and Muller equation is the most commonly used 


bed-load formula of its kind. It can be written as: 


APES wa iSE Kbea/2 
0.259 g's SEY? RS IE! - 0.047 Ye Dg 
Where: p = mass density of the fluid 


& gs ~ sediment discharge per unit width, 
(submerged weight) 
Yee -Specific weight of fluid 
R = hydraulic radius of channel cross section 
S = channel slope | 
Y. = specific weight of sediment 
Dr = effective grain size diameter 


Kb = Strickler roughness coefficient 


Kg = particle or grain roughness 


The bed roughness (Kb) is the total bed roughness due to both 


grain size roughness and that due to bed form resistance. 


The particle or grain roughness (Kg) is defined as Kg = 26/D4/8 


where Doo is in meters. This is a measure of the resistance due to grain 
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24 
size only and is strictly applicable to only fully turbulent conditions, 


In English units 


- 48 
ts 
a 
an. 9() n! 
Ce nueerovaater 
90 
The Strickler roughness coefficient (Kb) is determined from 
the Manning formula: 
eee Reo 3a 61/2 
Vm = n R S (English units) 
1.49 
Where: Kb = on 
therefore Kb = Vm 
R23. Sl) 2 


The symbols have the same definition as for the Meyer-Peter and Muller 


equation above, 
Kb He 
xe! is a reducing factor which determines in the presence 


of form resistance what part of the total available tractive force 
(Y.R.S.) is available for bed-load transport. Since only Kg will effect 


the actual entrainment of materials, this is an important distinction, 


The term Oy Geis occurs in the original form of the Meyer- 
Peter and Muller Area is not used here. This factor accounts for 
the fact that only a part of the discharge acts on the bed. Because it 


is assumed that these streams lose very little of their hydraulic radius 


to the side walls, ou 
The effective diameter dD. is the mean diameter by weight. 
pees xD Ap 
E 100 


where Dis the average size of particles in a particular size fraction 


and Ap is the percentage of that size fraction of the total weight. 
224629. Schoklitsche( 1934) iFormula 


This formula can be termed a discharge formula for it has been 
assumed that a certain discharge 1? will represent the critical tractive 
force at which bed-load will be on the verge of moving. Any discharge 


above that point will therefore contribute to the movement of bed-load. 


For determining this critical tractive force, Schoklitsch used 


the relationship . 
0.0001944 Dr 
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Ze 
where Dp = effective grain size and the specific gravity of the sediment 


is 2,66, 


This formula is based on visual observations in a flume and 
according to Shulits and Hill (1968) the formula is highly unreliable, 
For this reason it was decided to use visual observations and basket 


sampling measurements in the field to determine critical discharge. 


In English units the formula is written 
Cageyisie se” 
[een Oem coe OO 


E 
for bed-load in lbs. /sec,. /£t. 


Where: Cea bed-load/foot width/sec., dry weight 
S = slope 
Mo effective grain size 


0; discharge/foot width 
Qo, = critical discharge in c.f.s./foot width 


To determine the effective grain diameter, the bed-load 
sediment mixture is considered to be made up of a number of grades of 


mean diameter (D,, D,; 1B) i The divisions between these are 


arbitrary but the percentage of each grade of sediment is noted (a, b, 
c,....). The formula is then applied using the mean of each sediment 


_grade for the Dp value. The slope and discharge are held constant, The 


results of bed-load charge for each grade of sediment, corrected for the 
percentage of the total that each represents, are then added together. 

a b c 
GO ae + + ; & 
( 155 100 GieEO DGS 10010? Once the bed-load discharge has 
been determined for the slope and water discharge selected, the 
Schoklitsch equation is calculated to find which effective grain diameter 


(Dp) yields the same load. 


LOSS; Blench's Regime Slope Equation 

The regime theory (see Blench, 1969) on which this equation is 
based, evolved among engineers who constructed and maintained irrigation 
canals in India at the end of the nineteenth century. Briefly outlined, 
the regime formulae were derived by studying the interrelationships 
between depth, breadth, and slope of canals that had adjusted to 
equilibrium conditions despite the repeated efforts of engineers to make 


them run unnaturally. After their self-adjustment, these canals were 
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considered to be "in regime", 


Blench (1955) and Blench and Erb (1957) have employed the 
regime theory in the analysis of Gilbert's (1914) flume data involving 
bed-load transport. Gilbert's data incorporate bed material from medium 
sand to medium gravel (0.3 inches) and are probably the most exhaustive 
laboratory flume tests on record, This analysis of the data using the 


regime equations resulted in the regime formulae for bed-load transport, 


Blench (1969) recommends the use of the regime equations to 


determine the bed-load charge in the form: 





1/6ue 
IVE Ss Z Q Lae apa x = 32638 
(c) aap yild 
nee 
ett) = CHO x 12¢) 1/12 
(c) 1 + c/222 


and is given by Blench (1969, Figure 7.2.). 


k = the meander correction coefficient and varies 


frome le2o ttoe2./5 torn natural rivers 
le A) 1/6 d 
pS De ( 20) Siena oe ll 


uD = mean grain size by weight 
v = Kinematic viscosity of the fluid 
Ve. =" Kinematic viscosity of the rtluid at /0°F 
d = mean depth 
Disathe particle diameter Do, in feetsby weight 


Because the regime equations were developed for straight sand 
bed canals, Blench has introduced the correction coefficient (k) for 
natural rivers, This takes into account that portion of the energy slope 
dissipated through curvature of flow and by irregular bed forms. For 


natural rivers, the value of k varies from 1.25 to 2.75. 


In determining zero bed factor, Blench recommends the formula 


Py m. 1/4 ,°70,1/6 
ys mee Sue ( v ) 


However the author warns that this formula should not be used 
in gravel rivers unless d/D exceeds 50, For this reason it was decided 
5 a Boat 
to obtain an estimate of ies from the relation Fy = Vm at conditions 


where the bed-load charge is known to be nearly zero. 
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(gf 
Vm = mean velocity 


nee bs Fy when bed-load charge is nearly zero 


(Blench, 1969) 


2.4.4, Modified Einstein Procedure described by Colby and Hubbell (1961) 


Einstein (1950) presented a procedure for computing total 
discharge of sediment sizes found in appreciable quantities in the stream 
bed. Computations are made for several sizes and involve many variables, 


thus resulting in a series of complex calculations, 


Because of the many variables used, and the detailed analysis 
made in its formation, the Einstein equation is one of the most widely 
used and "trusted" bed-load equations. However a study of the original 
presentation is a tremendous task in itself and as a result, Colby and 
Hembree (1955), Schroder and Hembree (1956) and Colby and Hubbell (1961) 
have devised simplified techniques for solving the original equations. 
Colby and Hubbell's technique uses a graphical approach in solving the 
relationships, employing a series of nomographs, These can be applied 
without an extensive knowledge of the fluid mechanics involved in the 


original theory. 


The first step in computing sediment discharge using the 
Modified Einstein procedure is the solution of /(RS)m by trial and error 
‘from Plate 1 (Colby and Hubbell, 1961) using known values of mean velocity 
(Vm) and depth (d) in the equation: 
Vm = 5.75 vg(RS)m log, , (Pe TES pes 


k 
Ss 


) 


Vm = mean velocity 
g = gravity constant 
(RS)m = product of the hydraulic radius and the 
energy gradient as computed by solving the 
equation using a known mean velocity 
d = average depth 
x = dimensionless parameter to be determined 
from Plate 1 (Colby and Hubbell, 1961) 
k = the roughness diameter, That particle size 
of bed material for which 65% by weight is 
finer, 


All quantities are expressed in foot-pound-second units. 
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28 
The bed material is divided into several size ranges and the 
shear on the sediment particles (¥Ym) is determined for each size range 


using the equations: 


Ee 
i} 


(Ss - 1) Dos /(RS) 


or 


Wn (Se= 1) 0.47Dg/ (RS) 


whichever would yield the greater ao 


Ui 


Dg = the geometric mean of the size fraction 
Ss = specific gravity of the solid sediment 


particles 


According to the modified relationship the intensity of bed- 
load transport (®*) is o*/2, if ®* is determined from the relationship 
between ®* and ¥* (Einstein, 1950) by substituting Ym for ¥*, These 
‘values of Ym are therefore used as ¥* in the ¥Y*-6* function of Einstein, 
to obtain values of the intensity of bed-load transport (*), The bed- 
load discharge can then be calculated for each size range using the 
equation 
Bf? o% 


Seley ex 7 


ib Gy Des. Le OR xe DS 


3/2 
i x 
ix bx Dg $* x 36000 


and then the values of i, G, are summed to give a total Gg fora 
‘particular water discharge. 


ib fraction of the bed material in that size 


range 
p = wetted perimeter 


1239 


the conversion factor from tons/day to 


lbs. /min. 
Zee. Goneluelon 


These selected formulae represent a wide range of theoretical 
concepts that are considered significant for the transport of bed-load., 
They are applied in this particular situation in the hope that one or 
more of them will relate with reasonable accuracy to the measured bed-load 
transport rating curve. Should this happen it will not necessarily mean 
that a formula has been found for use in small steep alpine streams, 


Further testing in similar physiographic areas would be required, as the 
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result of this survey could be coincidental with the streams under study 


and not representative of a range of alpine streams, 
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CHAPTER III 


FIELD AND LABORATORY TECHNI QUES 


3.1. Introduction 


The methods used in this study are readily available to field 
workers in fluvial geomorphology and in some cases are adaptations of 
ideas used commonly by river engineers studying larger rivers. On the 
basis of the techniques used in this project, it is hoped that a suitably 
accurate method for measuring bed-load in small alpine streams might be 
determined, A number of difficulties were incurred because of lack of 
experience and in some cases the need for more assistance to enable 
efficient operation, However, despite these difficulties, useful 
results were obtained and these may assist others in planning and carry- 


ing out similar studies in small streams. 
Jue emaCLimaticG.bara 


A thermohydrograph was located at the base camp on Two O'Clock 
Creek fan and a continuous record of temperature was obtained from early 
May to late July. Rainfall was measured daily, using a rain gauge 
- located at the weir site on Bridge Creek, These instruments gave an 
index of temperature and rainfall in the catchments but a more intense 
instrument network would be required within the basins' 4,500 feet of 


relative relief to give a meaningful coverage of climatic conditions. 


geo, ee Velocity and Discharge Measurements 


Velocity was measured using an Ott current meter at a selected 
site on each stream (Figure 1.2.). Discharge was determined from 
measurements of the cross section each time velocity was measured. These 
results were then related to steel staff gauges hammered into the bed of 


each stream at their respective discharge sites. 


A continuously recording Ott water level recorder was used with 
an 18 inch diameter pipe stilling well on Bridge Creek (Plate 8). No 
such recorder was available for Two O'Clock Creek so readings of water 


level were taken from the staff gauge at the discharge site, During high 


whe So ee ree 


a oS as Nd CHA = 0874, 





Liat® of whitetjavs * a eee ‘ e ¥ ah }. the eee ehavlzom aft : 7 
7" ome ot bos veel odarienpeg fe ei ae ezalrow 7 
~~ + biz’ Wiebe tuvio Ve Vinwenee eee anebl | 

iw ‘ S be is ie teem are ony to 'winad a 
Line re “ty yacabin A ‘iowesharendalll | 


7 } sj 7) i } — 
te) nr aoh ert Beerg Path "2 he sre Sogn ' 
Etawe ,eeitti . sul! dl tasege ‘yuptsitis 
; baie | . , 
Bg Peart 2 13 iaas yoo ses te bageesvo Sree eriwagT 
‘ v4 £ ie . Fi \ ef thade. a4 ete tue gol : : 
ese.3 i2optlS Sak 
Een ’} e H » v4 ay ins 3 iytatrees * 
; 


hs nw exi73i 1 740° ADS — witenes » fire ond deavd 
fuee iiev a avhes yvllot berpepin eaerk geal ~ el oki - 
~ den ote antl nz) sithuvl ac stlhe ciow off Ge beeeeel 
Seausi?.o208 a jud Jo an + Liehodan hip 70383 o7eg, See Se = 
-- po? is entake byy sihvueo Pre Sf (fou nae aeourrsant | 
shniadenes >igwoils to sges0ves (ytantanen u ree} 7 \ailee ow hantes 


a 

r 

wie 

BI USMSR SOS | spiel hagas cs iseiat wal | ? 
a - 

i 


Weiohi ye 6.35 24)e If alse sy vo githali b stiiae ws asi, ‘Ceaptay 
met hacky} > auw SE tet toe AT 7 a4 ee es she 


‘ fret ape wat ey sesen an ha 





31 


flow periods up to four readings were taken per day and these were 
related to continuous water level recorder charts taken on Two O'Clock 
Creek in 1970 (pers. comm, H,J, McPherson, 1972), This gave the correct 
shape for the daily hydrograph and ensured a reasonably accurate measure 
of discharge at high bed-load discharge periods. Because daily discharge 
variations from Two O'Clock Creek basin were observed to be controlled 
almost wholly by diurnal temperature fluctuations during the study 
period, the daily water level fluctuations took on a regular diurnal 
pattern, It was found from observations in the field and from previous 
continuous recordings that peak diurnal flows on Two O'Clock Creek 
occurred between 1900 and 2000 hours and that the lowest daily flows 


occurred between 1000 and 1200 hours, 


During the high flow days, the weir on Two O'Clock Creek 
required almost constant daytime attention, As a result, maximum and 
minimum flows for each day could be accurately recorded during this 
time. Even at low flows a close watch was kept on water level as the 


creek was within a few hundred yards of the base camp. 


It is assumed that except for minor fluctuations during low 


flow periods, an accurate assessment of discharge has been made, 


3.4. Channel Geometry 


Five cross sections were selected on each stream in addition 
to the already chosen discharge sites. These were positioned at 200 
foot intervals above Bridge Creek weir and at 200 foot intervals below 
the Two O'Clock Creek weir. Cross sections were then measured at 
various discharges using a tape measure and a calibrated steel rod. The 
latter was used to take depth measurements at at least 10 regularly 
spaced intervals across each section, The results of these measurements 
were then used to construct graphs of channel geometry providing relation- 
ship with discharge (Q) of mean depth (d) and mean width (w). Mean 
velocity (v) was determined from these three variables on the basis of 
the relationship: 


vee 
dw 


These values of average depth, velocity and width were determined for 
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use in the empirical bed-load formulae, 


SAS Suspended Load Sampling and Analysis 


Water samples were collected at the Bridge Creek discharge 
site with a U.S,G,S, DH 48 depth integrating sampler by wading and 
sampling in the centre of the stream, Up to four samples were taken per 
day depending on the flow conditions and towards the end of the season, 
sample times became very intermittent as the stream remained clear most 
of the time. All samples were stored in sealed jars until the end of 
the field season when they were taken to the laboratory in the Geography 


Department at the University of Alberta for analysis. 


The volume of each water sample was measured using a 500 ml 
measuring cylinder, They were then filtered through Whatman No, 2 filter 
papers using a vacuum flask and funnel, The filter papers were ashed at 
between 400° and 500° C in a furnace for one hour and the residue weighed 
to the nearest 0.0005 gm on a Mettler balance. For additional strength 
while vacuum filtering, two filter papers were used for each sample and 
an average ash weight of these two filter papers was determined at 0.0045 


em. 
3.6. Weir Sedimentation Method 


The construction of weirs specifically for the purpose of 
measuring bed-load transport is unique to the study of small mountain 
streams (Brown, Hansen and Champagne, 1970; McPherson, 1971) and it is 
closely related to other sedimentation processes such as pit sampling. 
Weirs were constructed of logs and boulders across both Two O'Clock 
Creek and Bridge Creek (Plates 5, 6 and 7), The Bridge Creek weir was 
built largely of spruce trunks laid across the stream and stayed in 
place with shorter lengths of timber. Quarter inch chicken wire was then 
tacked over the log structure on the upstream side to ensure the trapping 
of leaf litter floating down the stream, making the weir more sediment 
proof, The structure stood nearly 5.5 feet high over the thalweg of the 


channel and was 20 feet in width. 


Two strongly supported wires were then stretched for 50 feet 
on the sides of the reservoir upstream from each end of the weir, At 


every two feet along the wires, a nylon cord was stretched across the 
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pool and these cords marked at every 2 feet. This gave a grid network 
with each point representing approximately 4 square feet. A total of 


430 points covered the reservoir area of 1679.4 square feet (Figure 3.1.). 


At intervals during the runoff season the ground elevaticn 
directly below each grid point was surveyed using a theodolite and staff 
such that for each set of readings, an average elevation for the floor 
of the reservoir could be determined. By subtracting each average 
reading from the previous survey reading, the volume accumulation of 


sediment over the bed of the reservoir was determined, 


Similarly a weir was constructed across Two O'Clock Creek 

using the same site as that used in 1969 by McPherson (1971). In this 
case the weir was 4,5 feet high and the grid network extended upstream 
for 25 feet (Figure 3.2.). The slope of the channel was 0.114 which is 
considerably steeper than for the weir site on Bridge Creek (0.067). In 
both cases, however, adequate provision was made for the backwater effect. 
At intervals during the infilling, sediment was shovelled by hand out of 
the front of the Two O'Clock Creek reservoir and the new level resurveyed. 
The total number of points behind the Two O'Clock Creek weir was 234 and 
again, each point represents approximately 4 square feet, The total area 


of the reservoir was 936 square feet, 


After the weirs had half-filled with sediment, only the survey 
points at the front of each weir were used, This could be justified 
because the deltas that built out on to each weir had very flat upper 
surfaces with very little relative relief and most of the volume change 


occurred between the weir and the leading edge of the delta. 


3.7 we Basket. Sampler Method 


The basket sampler consists of a rectangular pipe frame into 
which fits a basket with one end open. The basket size used was 15 
inches long, 12 inches wide and 6 inches deep and the whole sampler 
weighed 80 pounds, The smallest mesh sizes available were used, consist- 
ing of half inch mesh on the top of the basket, quarter inch mesh on the 
sides and back and 3/16 inch on the bottom, Behind the frame holding 
the basket there is a three finned tail section that keeps the open 


mouth of the sampler pointing up stream (Plate 10). 
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FIGURE 3.] 
PLAN OF BRIDGE CREEK POOLSHOWING SURVEY POINTS 


SUMMER 1971 


Stream Flow 
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PLAN OF TWO O'CLOCK CREEK POOL 
SHOWING SURVEY POINTS SUMMER 1971 


FIGURE3.2 
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The raising and lowering of the sampler was accomplished with 
the use of a half ton chain winch suspended over the stream on a rigid 
derrick (Plate 9), After the loaded sampler was lifted clear of the 
stream it was pulled to the bank by one operator as the other worked the 
winch to bring it to rest on the bank, The contents of the sampler were 
weighed separately and returned to the stream or a portion kept for 


sieve analysis, 


A log sill was constructed at low flow to ensure a good fit 
between the base of the sampler and the bed of the stream, Heavy 
boulders were placed on either side of the log sill to hold it in place 
and to direct the water and sediment flow through the confined sampling 


site. 


Samples were taken at three locations across the 7.5 foot log 
‘sill: left bank, mid stream and right bank. Because of the weight of 
the sampler it was not necessary to stay the front of it in position, 
but one operator had to stand in the stream to ensure that the sampler 
was securely seated. Sampling times varied depending on the rate of 


sampler filling which was determined by trial and error, 


Difficulties were experienced at higher flows in handling the 
sampler and probably rigid stay wires would be required at flows higher 


Sthan 40.cit Sa 


To prevent spillage of sediment out of the mouth of the sampler 
while it was being raised, the basket was slung under the winch such that 
when the winch was raised, the nose of the sampler came away from the bed 


before the tail section. 


Basket sampling was undertaken only on Bridge Creek because of 
the difficulty of transporting the 80 pound sampler and accompanying 
winch, Also because bed-load moves on only a relatively few days a year, 
it was thought best to obtain as many samples as possible on the one 


stream, 
3.8. Measurements of Bed-load Grain Size 


Bed-load grain size for use in the empirical bed-load formulae 
was obtained with three pit sieve samples from the sediment behind each 


weir, In addition one sample was taken from the bed material in Bridge 
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Creek 50 yards above the furthest extent of the reservoir from material 


on a point-bar that had recently been covered by flood water. 


The samples were taken on different occasions throughout the 
field season and were sieved using 4 inch, 2 inch, 1 inch, 3/4 inch, 1/2 
inch and 3/8 inch mesh field sieves. Samples of material less than 1 
inch were washed, reweighed to determine what percentage of their 
previous weight was contributed to by finer particles adhering to their 
surfaces, In addition a sample of the sizes less than 1 inch was 
weighed wet, sealed and then dried in the laboratory to determine what 
percentage of its weight was the result of there being water adhering 
to the grains, For material 1 inch or larger this was not considered 


necessary. 


In the case of each sample weighed in the field, the "b" or 
intermediate axis and the weight of the largest particle was recorded so 
that the probability grain size curves could be completed for the largest 
sizes, From the material less than 3/8 of an inch, a sample was collected 
and returned to the laboratory for fine sieving. Material finer than 


0.063 mm was analysed by pipette analysis. 


In addition one sample each of the till, fluvio-glacial 
deposits and colluvium found in the catchment in the steep stream cut 
banks, were sieved in the field, Material less than 3/8 inch was 


returned to the laboratory for fine sieving and pipette analysis, 
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CHAPTER IV 
OBSERVATIONS AND ANALYSIS OF HYDRAULIC VARIABLES 


4,1. Introduction 


In 1969 and 1970 water discharge and sediment data were 
collected during the spring and summer for Two O'Clock Creek (McPherson, 
1971la; McPherson, unpublished, pers. comm. 1972), As a result, it was 
thought desirable to study an adjacent alpine stream for which no previous 


data had been collected. 


Observations were started on Bridge Creek on the 14th May, 1971 
and continued until the 28th July, 1971, although a continuous water level 
recorder was operated until the 26th August of that year. An interruption 
occurred when the weir constructed to trap bed-load in Bridge Creek burst 
after a heavy rainstorm on the 5th June. As a result the study was 
extended to Two O'Clock Creek from the 18th June to the 25th July to 


obtain complementary bed-load data. 


4.2. Water Discharge 


The techniques for measuring and estimating water discharge in 


both streams are discussed in Section 3.3. 


From measurements of water discharge (Table IV,1.) a stage 
height discharge rating curve is constructed for Two O'Clock Creek 
(Figure 4.1.), This rating curve is used to relate the numerous stage 
height readings made in Two O'Clock Creek throughout the study period 
(Table IV,2.) to actual water discharge. 


Using the 1970 continuous water level recorder chart for Two 
O'Clock Creek (pers. comm. McPherson, 1972) and from observations made 
during the study period, it was noted that peak diurnal flows on Two 
O'Clock Creek occurred between 1800 and 2000 hours and that the lowest 
daily flows occurred between 1000 and 1200 hours, These regular 
fluctuations persisted as long as discharge was controlled by diurnal 
snow melt and not rainfall. During the time that Two O'Clock Creek was 


studied, rainfall was not observed to disrupt this diurnal pattern. 


Vi aaTqAW 





A’ iTARA TAR ai, yarns 


ye i fi / 71 | 40) 2] 
’ mi 
y~ +! . » ta300 Obl be Sher af 
aye, e ocitce of garsup tetuelios 


i boule Lidhegu ate riot ef tOt 


? 


y w fijte nd nen19as onia ‘cose'be ne yom? oF ofdiee test sfiguods 
britsollod need had asab 


sriede- aise anetzavsenae 


won B vaeroila 416% oi tite beeweaees baa 
' ; { , tr. Lodno bevseraqc sav ieb10591 
. ; , : ' ludcky> Thaw ots re che bexvieea0 


vveod s T6sae 


Sit eo Ne oee itis? 


no 
2 deae9 dpefo'O. oat oe: bees 
‘hh beol-bad -cvetaonalgmes Sido 
se1i(oe i zeae 88 
pie Lh gw Ulsan ts ra oortvesem’ Sed seipimiob2’ amt 
E.£ volyos@ ai ererntdh Sie) eeereee god 5 
7 
’ ; sinw io BacerSstoeson wort ; 
(0) beYousasn0o a Swi gobtes oppadsedb adapter 
woede auoTsmn 947. 938)51 of boe ek Svso>gnteey B2eT .¢.5 4 oewgtt) : 


foo) doer! OWT Ht oben amp iiawe? ig dae 
gistisath taqui invigon od 4, 95 ner, ; 


a 


owt geet agers s9breDe7 ee i538 eae » OF ada, gba (ibe a? = 


as eee : 2: yO 
oie. bested rete io i i eee 





( ia 


nines Ane se * 


pon ; 


of 
—. 


— Discharge Q (c.f.s.) 
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TABLE IV,1. 


STAGE HEIGHT - DISCHARGE MEASUREMENTS 
TWO O'CLOCK CREEK 1971 








Date Time Stage Discharge 
: eh. (lt. a. COy.te sy) 
L 17th June bt OTe) 0.30 6.0 
2 20th June 20530 0585 2153 
& 21st June 10.45 0. 66 16.5 
4 22nd June 14.00 0.70 V7 
2, 23rd June EOD 1,04 24.6 
6 23rd June 14. 00 begets) 3425 
7 13th July 20750 0.90 1539 
8 10th October. 10. 00 wee O25 Re eter ile 





This regularity in discharge variations meant that although a 
continuous daily water level recorder was not available, high and low 
stages could be watched for at the times outlined above. As a result of 
these observations, an approximate mean daily discharge graph for Two 
O'Clock Creek is presented in Figure 4.2. This gives an indication of 
the change in water discharge throughout the study period. Figure 4.2. 
is qualified by the fact that although numerous stage height readings 
were made during high flow periods, at low flows only one reading per day 
or one every two days was recorded. As a result of the inevitable 
inaccuracies in this method of discharge estimation, no quantitative 
measure of total sediment yield for the study period has been made. 
Instead, estimations of bed-load transport are made for only the high 
flow periods when discharge could be reasonably determined (see Section 


3.47) .a 


Rating curves in Bridge Creek are constructed for two different 
sites, Prior to the 5th of June when the weir burst, discharges were 
taken below the weir, After the 5th of June the stream bypassed the 
original gauging site and a second site was selected near the bed-load 


sampler, upstream of the weir. These two rating curves are shown in 


oe ‘ 






v1 ~ ' ius 

i \* AG th? Na 4 
i Sis u ae | 
i fait ares 


e¢ 

i} 1? 
°° 

ay ig i 


eoauewnrrnmer = 


i] no F 
iJ le a i 
} i 4 &) 
~ 
* 
nn 


a : : ‘teh Setealjaos 

Tae mit &¢ uf 4 bieey aagage 

ft j ces si birt qoo m1 enahgaviep@e oa 28d 
ioeastq 22 seed S50I0"*O 

562) bine ‘a ss daudepomtis ooretsedi cegee a) eggeds en 
peg is bh! ¢ avo ium tied gaa) 0 Dea es Ou 5o1¢ tiawp al 
web Seq anshesas on men i 4 stiwiaug wolt dae galem aba STOW. 


= 


he “ 


av liet fo neu on wires - ‘tteriei to bomen w25els pi raioazessagl : 
ebertest xa Sobroq “bute sid Vor Disky dresives lama 20 stuahae 

; ’ detdierdyine uct ofem sta ssuqered2 beolnbed Io ehodtentiizeg jest 
“a asl — rT a ea ns ie 

ab ° 7 7 > of] 7 

re oat) 7 


@idesivear. mes’ 36), Oper Bai ‘osahTo oe? sie eval cw wiave S80 7% 

















41 


TABLE IV, 2. 


STAGE HEIGHT - DISCHARGE RELATIONSHIPS 
TWO O'CLOCK CREEK 1971 





Date Time Stage Discharge Date Time Stage Discharge 
Height Height 
GLect mca) s.) (feel) on (eer sh) 
June 18 12.00 Oe OS: 8.0 July 6 18, 00 Oey 420 
Lo 8,00 0.40 9.0 i Wey, 210 Oey 7.0 
Lo 930 0265 16.0 8 17220 0.34 Te 
20 tel OS00 CS 15n0 9 17,00 0.38 (oie 3) 
20 20550 0.85 Clee TOME 6745 0.45 150 
2. 0.45 0, 66 Key, IZ 9aLS, 00 0.50 12.0 
21 bel 2200 0. 66 LOmS 13 9.45 0,28 pad 
219 £25 1,00 aa) 13 elon U0 0.68 17:0 
22 #11200 0.58 14.5 Neh) Mabe SK) ORT 18.0 
22 ol4..00 0.68 LEO 14 9.00 0.34 RS) 
22 ls 430 Ty. 00 24M) TED oie el 6) 0.58 14.5 
23 eLOALD 1. 00 PES) ES Wigs 8) LEOS 26.0 
soe we) P30 34.5 L549 10730 ONO 85 
23 gel 7 230 50 38.0 Pde 14.00 OF 7.0 life 
239 720.00 Teel, 3055 159 oeU0 OF90 23:0 
24 810,700 0.68 LO Lose 0330 0.45 10.0 
24 —16.30 0,68 e720 L65 519,00 0. 80 2050 
25 10.45 Mee ef) 1320 L/jeloe00 0. 80 20.0 
26.12, 00 0.45 10,0 ies asp Ye) Gals 1950 
26 220. 00 0.40 220 19°" 17.30 @.S2 21 
feeb oU Ors FAW) 7a we 6) 0. 82 Adie) 
fee 200 Oma Few) 2120. 00 0582 2150 
2OumeL, OO a2 7.0 eA PARR OD) Us /2 1920 
29 18.00 ye es 7.0 25 mec On00 0.42 Dn 
SO maLoFO0 (ty oye 7.0 24 19.00 0.42 ae 
JULY 2 2050 0730 Guo 25 Oo e3U 0.40 920 
3 £7200 0,30 6a 26a.207.00 0.45 10.0 
4 18, 00 0.30 6.5 7 ES ae S48) 0.40 see 
5 17,00 Uo One 28 18.45 OPgS Je) 13.0 
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TABLE IV, 3. 


STAGE HEIGHT - DISCHARGE MEASUREMENTS 
BRIDGE CREEK 1971 








Date Time Stage Discharge 
Height 
(feet) COmee S sy) 


14th May £0 4th June 


1 May 14 10, 00 - Syn) 
2 May 21 17.00 1,05 he 8) 
3 May 22 16.45 15.15 109 
4 May 23 11.00 OD 6.6 
=) May 25 14530 15 eh) 
6 May 26 17.00 eS) ee], 
i May 28 11.00 i332 g26 
8 May 31 172.00 1.56 14.9 
8) June 3 14. 00 1270 Lie 
10 June 4 3750 ils fore! sy 
6th June to 10th October 
il June 6 16.3.0 2. 80 34.0 
2 June 7 diel 5 Zt O Z29E0 
3 June 8 15.00 ZeoU 2052 
4 June 10 16.30 2.30 Wes 2 
5 June 12 18, 00 2.43 Mepae) 
6 June 16 ZLeeoO 2S) eh 
7 June 23 17.00 210 sh )4.8) 
8 UL yen Le 21.00 2.45 ro Pie 
9 October 10 2.00 2200 te.) 
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44 
Figures 4.3a and 4,3b with individual discharge and velocity measurements 


given in Table IV,3. 


Using the measurements made by the continuous recording 
hydrograph, a mean daily discharge graph is constructed for Bridge Creek 
in Figure 4.4, On this figure are plotted daily maximum and daily 


minimum temperatures as well as recorded rainfall. 


Aes Discharge-Climate Relationships 
ie he iy Bridge Creek 


A steady increase in air temperature throughout May (Figure 4.4.) 
produced a progressive increase in stream discharge, This occurred in a 
series of increasing diurnal fluctuations, an example of such a fluctuat- 
ion being shown in Plate 8, The diurnal peaks were observed’ to occur 
‘between 1800 and 2100 hours when snow melt produced by daily temperature 
increases was the controlling factor, Similarly, the lowest daily 
discharges occurred between 1000 and 1200 hours. In the presence of 
Significant rainfall, these diurnal fluctuations became disrupted and 


peaks were controlled by rainfall and resulting snow melt. 


The peak seasonal flow occurred after three days of rain 
culminating in a night of heavy thunderstorms on the 4th and 5th of June. 
The 1.7 inches of rain recorded at the weir site on Bridge Creek presum- 
ably activated the winter snow pack resulting in a peak flow that damaged 
the weir. Because the stream bypassed the water level recorder at this 
time, an accurate estimation of the peak flow is not possible. Even the 
highest point on the continuous trace immediately prior to the shifting 
of the stream is unsuitable to use because it would require an unreason- 
able extrapolation of the discharge rating curve. As a result no 


quantitative measurements are made based on the peak flow. 


From the 5th of June to the 17th of June water level declined as 
did the daily temperatures. Observations in the catchment revealed snow 
‘fields still present on north facing slopes (Plates 1 and 2), The effect 
of rising temperatures causing diurnal snow melt can be seen again on the 
23rd of June and on the 13th, 14th and 15th of July, producing small 
discharge peaks (Figure 4.4.), 


From the seasonal peak flow on the 5th of June until the end of 
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Discharge Q (c. f.s.) 





DISCHARGE RATING CURVE BRIDGE CREEK 


14th MAY to 4th JUNE 1971 FIGURE 4.30 


Stage Height (feet) 
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Discharge Q (c.f.s.) 


DISCHARGE RATING CURVE BRIDGE CREEK 


6th JUNE to 10th OCTOBER 1971 





Stage Height (feet) 


FIGURE 4.3b 
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48 
the field season, rainfall did not cause any peak flows noticeable on 
the water level trace, From the 16th of July until the end of the study 
period rising temperatures did not produce any noticeable runoff peaks, 


as all but a few patches of snow had dissipated. 
aoe wolO.C lock Creek 


It is not possible to relate water discharge to climate in Two 
O'Clock Creek basin except in a general sense, because of the lack of a 
continuous water level recording. Using the stage height readings as 
described in the approximate mean daily discharge graph (Figure 4.2.) 


certain relationships are evident however. 


The major peak flow measured during the study period from the 
18th of June to the 25th of July occurred on the 23rd of June. This was 
induced by rising temperatures (Figure 4.2.) but was not the first high 

flow of the season, ‘Two O'Clock Creek was observed to be running very 
high at the same time as the peak occurred on Bridge Creek on the 5th of 
June. No record of discharge was being taken on Two O'Clock Creek at 


that time, 


Throughout the study period on Two O'Clock Creek, the high 
flows were observed to be controlled by snow melt induced by temperature 
increases and there was no evidence of flow peaks due to the light rain 


that fell during this period (Figure 4.2.). 


4.4, Channel Geometry 


Five cross sections were measured at varying discharges on each 
stream. A discussion of the techniques used is contained in Section 3.4. 


The results of these surveys are shown in Tables IV.4. and IV,.5. 


At high flows the water contained in each cross section spilled 
over the immediate flood plain. As a result a veneer of water three to 
four inches deep travelled down slope over this area. Because this water 
contributed very little to the total water discharge or bed-load discharge, 
the cross-sectional width of the stream was determined by drawing the 
channel cross sections and outlining the parabolic shape of the channel 
(or channels), The wings of water on either side of each cross section 
were thus excluded and this helped prevent an over-estimation of width 


and an under-estimation of stream depth for use in the empirical bed-load 
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TABLE IV,4. 


CHANNEL GEOMETRY 
BRIDGE CREEK 1971 


Date Discharge Cross Section Ave. Depth Width Velocity 
(Car se) (feet) (feet) (io p.s.) 
June 9 To. 0 A 0.71 85 
B 0.50 ye) 
G 0.95 10,5 
D 0.76 eS 
E O.71 hie 
HOP) 9.1 Gon ea. 
June 22 Zo A 0. 62 ielee0 
B 0.68 10.0 
C OF 4l Se) 
D OF 81 12,0 
E Or79 11.0 
CaO 0 7 ae LO) 7 see 
July 14 ez3e)) A 0. 60 1250 
B 0. 66 10.8 
(# 0.74 8.8 
D 0. 89 93 
E 0.88 10.6 
dan ON7 Sew Ore ve eh ey! 
October 10 259 A 0.43 633 
B O23 6.9 
C 0.54 6.6 
D 0.41 6.9 
E Os3a Oe) 
dy 0s4 1 Fe 6.5 vy 1.08 
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TABLE IV,.5. 


CHANNEL GEOMETRY 
TWO O'CLOCK CREEK 1971 


Date Discharge Cross Section Ave. Depth Width Velocity 
(or. s.)) (feet) (feet) Clg See) 
June 23 Bones A Oe 1ae3 
B Lees: 9.8 
C C273 16.0 
D 0.61 ies} 
E 0. 89 TORO 
chy 40h Ga 9 Cpe As Vues 
June 25 sede) A 0.47 hh 
B OR35 9.8 
C 0.39 eS 
D 0.44 Bie 
E 0.43 SO 
de 802 MeiwenlOnS wveee2a95 
July 14 21.5 A 0.55 15.0 
B 0. 61 ey) 
G 0.52 TAs3 
D 0.56 10.9 
E 0.79 10.0 
She a mee hes en Onils 
October 10 eZ A 0.26 ol) 
B 0.24 Sao 
C 0423 1232 
D 0.30 gee 
E 0.36 8,2 
dun. 0, 26 = a ube @ Aide) 
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formulae, 


The results of these channel geometry measurements for Bridge 
Creek are shown in Figure 4,5. One anomaly with these results when 
observing the actual points plotted is that despite the adjustments 
described above, the depth measurements made at 26 c.f.s. dropped 
slightly compared with those made at lower stages. An average line is 
drawn through the points in Figure 4.5, in an attempt to reconstruct the 
conditions of flow in the section of the channel where the bed-load is 


being transported, 


The results of the channel geometry measurements for Two 
O'Clock Creek are shown in Figure 4,6. Depth increases very little up to 
approximately 13 c.f.s. and then rises dramatically. Width shows a 
relatively constant increase. The velocity which has been calculated 
from width, depth and discharge indicates a rapid increase up to 


approximately 13 c.f.s. and then a more gentle increase, 


Insufficient field observations were made to explain these 
differences between Bridge and Two O'Clock Creeks. Unlike Bridge Creek, 
however, the breaks in slope on the depth and the velocity lines in Figure 
4,6, are thought to be sharp enough to necessitate the drawing of best 
fit lines through the actual points, rather than attempting an average 


line, 


4,5. Slope Observations 


For Bridge Creek, slope was measured with a theodolite and staff 
along the right bank of the stream at the waters edge. The flow at the 
time was approximately 10 c.f.s. and the levels were read every 100 feet 
over a distance of 900 feet above the reservoir. The average of nine 
readings which ranged from 0.0494* to 0.1006 was 0.0671. This value is 
used in the empirical bed-load formulae equations, Because of the step- 
like profile of the channel bed, composed of steep and gentle facets of 
slope, it is possible that mean slope may be too great a value to use in 
these bed-load equations, Water and sediment travelling throughout the 


reach must be able to pass across the units of least slope. It is, 


* Slopes are expressed as a ratio 
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FIGURE 4.6 


CHANNEL GEOMETRY 


FIGURE 4.5 
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De) 
however, difficult to imagine how a more suitable figure than the mean 
slope could be arrived at when all the complexities of variable slope 


involved are taken into account, 


McPherson (1971b) measured the longitudinal profile of Two 

O'Clock Creek from its source to its junction with the North Saskatchewan. 
Using data from these measurements (pers, comm. McPherson, 1971), the 
mean stream slope from the discharge site on Two O'Clock Creek to above 
the weir was determined, Because of the close proximity of the bedrock 
to the bed of the stream, it was not considered possible that the slope 
over such a distance could have changed significantly in the two years 
since these measurements were made. They were surveyed over a distance 
of 850 feet of channel length and slopes ranged from 0.200 to 0.083. The 
average slope of 0.114 was the most representative throughout the reach 


‘and is used in the computations of the bed-load equations. 


4,6, Water Temperature 


In both streams, water temperatures were recorded with a hand 


held thermometer at intervals throughout the season (Table IV.6.)., 


Only those temperatures taken when the discharge was in excess 
of that required for bed-load transport (see Sections 5.4. and 5.5.) have 
been averaged to obtain the mean water temperature for use in bed-load 
equations, In both streams this mean temperature was 43°F, The extremes 
of water temperature were observed in Bridge Creek with values of 34°F to 
50°F, There was no obvious pattern visable throughout the season but 
this is possibly due to the lack of a continuous recording. McPherson 
(197la) reports a very close agreement between air and water temperature 


patterns throughout the summer of 1969 in Two O'Clock Creek. 
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TABLE IV,6. 


WATER TEMPERATURES 
BRIDGE CREEK 1971 








Date 


* 


Time Temp. Discharge (Q) Date Time Temp. Discharge (Q) 

(F°) Copies...) CE) (eatscs) 
bi, O0Re 38 - June 3 9.00, 39 14, 0* 
10.00 34 6.0 3 12,00 50 Hye Oh 
15.00 42 6.0 4 12.00 44 ie 
11.40 44 = 5) 18.00 38 - 
LOZO05 © 40 - 6 1307 40 - 
bie 00, —44 - 6 13, 00) 5 42 - 
Ld 30; 48 4.2 6 14.00 43 . 
Tle 302) (46 Dla) 6 15.00 44 38, 0% 
16.45 48 ie 6 Die toy F42 34, 0* 
10.30 44 6.5 7 12.00 44 28.,.0% 
13250 0 ehh) 7 13.30 44 Zone 
1/400 ©) 42 14.5* er HS ale” eh) tae) Ure 
193000 40 Oe Cae BLOF 30jae 3G 26.0 
11.00 44 Be) 2 145000 539 190 
US ores. 11, 0* a isy, Oe a) 19250" 
17.00 42 122.0 y 17 00M Wel Oe3 
10.00 44 oPAv TOs O27 OU, aao Losd 
16,00 -45 We LL 22 O00 Ra aS ig50* 
i/o Use 2 Loe Ss P2g 122 O0m 46 1620 
20,00 43 Wee 12, 18.00 44 sD Oss 
12.45 44 O75 14 12.00 42 20 
L700 540 15. 0* 14 13.30 44 1720 
11.00 42 a, ZOBEL 6200 Eso 16.0 
Loy 00 geo 122.0% 23 ele OO rr e40 j2e0" 
EZ ee L025 Zi eel 93 0 eet 2 8.0 
14.00 46 Ut July ele O23 0s Pon 
19,006" 41 Poe 19 20.30 48 19. 0 
PAGE GAO) ENS) 15. 0* 22m 20, 30 eee 10.0 
17.00 44 14. 8* 


Discharge greater than that required for bed-load transport 
USEGeSeCtLONS 8.46 andeo;on). 
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TABLE IV,6. (cont'd. ) 
WATER TEMPERATURES 
TWO O'CLOCK CREEK 1971 











Date Time Temp. Discharge (Q) Date Time Temp. Discharge (Q) 
(las Cotas) (F°) (estes) 
Juneg20 @20:307 5°40 aly MOSS June 25 10.45 48 14.0 
Pl Or a5 eee 2 14.0 267 12S 00TeNE3 10.0 
Zi On 3 tee 40) 24.0% Zia 3 00 maa 7.0 
Fafa Be S810 47 14.0 July 10 16.45 44 10.0 
(ay oA SU 45 25,0* 13h] 13900 45 17202 
“ey PUR Ay Perea 23707 14,518,350), .45 PATER, 
25 eee O0 eee 26, 0* ey) Abe erele)y RAS, 2500" 
23g Ie le 44 Shales MS) ANG) S YO) flee: 19, 0% 
24 10.00 44 yb Oke tae PRO OD) 48 18. 0* 
24° 15830. .A4 1 / er 236 17,000.40 136.0 


* Discharge greater than that required for bed-load transport 
(seesSections 5.4. and 5.5.) 
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CHAPTER V 
OBSERVATIONS AND ANALYSIS OF SEDIMENT TRANSPORT 


See lntrodauers on 


In this chapter, observations of suspended load and bed-load 
transport in Bridge Creek and bed-load transport in Two O'Clock Creek 
are recorded and analysed. Total sediment yield results are not possible 
for either stream because complete seasonal records were not taken for 
Two O'Clock Creek and records were interrupted at the peak flow in Bridge 
Creek. The sediment transport pattern is analysed throughout the study 
period on Bridge Creek and these results are plotted graphically and 
exanined statistically. Tentative relationships between water discharge 


and bed-load discharge are also established for both streams, 


De 2, mebed-load Grain Size Analysis 


From the material accumulating behind each weir, three bulk 
samples were selected for grain size analysis of bed-load material in 
each stream, The grain size analyses for these individual samples are 
given in Appendix B and shown graphically in Figures 5.la and 5,1b. In 
Bridge Creek, one bulk sample was taken on the stream bed from a point 
bar deposit that had recently been covered by flood water. This sample 


was taken from a point 50 feet above the pool behind Bridge Creek weir, 


Two mean percentage grain size curves are constructed using the 
three weir samples in Two O'Clock Creek and the three weir samples and 


one stream bed sample in Bridge Creek (Figure 5,2.). 


5.3, Suspended Load Samp ling in Bridge Creek 

Suspended sediment samples were taken in Two O'Clock Creek 
during the summers of 1969 and 1970 (McPherson, 1971; pers. comm, 
McPherson, unpublished data, 1972), For this reason and because of the 
longer study period on Bridge Creek, suspended sediment sampling was 


restricted to this stream during the summer of 1971. 


The results of suspended sediment sampling on Bridge Creek are 
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GRAIN SIZE DISTRIBUTIONS FIGURE 5.1b 


FIGURE 5. 1a 
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given in Table V.1. and plotted graphically in Figure 5,3. A linear 
regression line based on all the points in this figure is described by 


the equation 


io) 
i] 


8,91 x 107? x gi. 03 


where C. = suspended sediment concentration, 


The correlation coefficient for this relationship is 0.362 and is 
significant at the 1 per cent level. However the total variance 


explained by the relationship is only 13.1 per cent. 


From observations made in the field based on the degree of 
discolouration of the water in Bridge Creek, it appears that in this 
catchment, the suspended load concentration/water discharge ratio 
declines as the season progresses. Low water discharges at the 
beginning of the runoff season were more discoloured due to suspended 


sediment than similar or higher discharges later in the season, 


To support these visual field observations, the sample points 
plotted in Figure 5,3. are subdivided into three groups: those samples 
collected early in the runoff season, those collected in the middle 
period and those collected towards the end of the season, An examination 
of Figure 5.3. .supports these visual observations. Samples collected 
between May 21st and May 26th plot well to the left in Figure 5.3. 
Samples taken between May 27th and June 5th fall into the centre and 
those sampled after June 5th plot to the right in the graph. June 5th is 
selected as a significant date for the division of the data because this 
was the occasion of the peak seasonal discharge for 1971. May 27th, 
however, is an arbitrary choice based on what appears to be a natural 
break in the points plotted. Regression lines are drawn for each of the 
three groups of points on Figure 5.3, and the results of these regressions 


are presented in Table V,2. 


To test the hypothesis that the sediment concentration/water 
discharge ratio changes sequentially as the runoff season progresses on 
Bridge Creek, a step-up multiple regression analysis is used to determine 
the degree of influence that factors other than water discharge have on 


the suspended sediment concentration, 
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TABLE V.1. 61 


SUSPENDED SAMPLE ANALYSES 
BRIDGE CREEK 1971 











Sample No, Date Time Sed. Conc. Discharge Q 

g/1 Coes: 
1 May 21 O55 Be) 0,0502 4,2 
2 ; Ze 15730 0, 1686 (Png) 
3 24 14. 00 0.4118 Gro 
4 24 17,00 0, 6589 14.0 
2 24 19,00 07,6992 14.0 
6 24 20.00 0, 3507 1320 
7 oa 11.00 0.0278 rz 
8 (a) 14.00 Qe 9) 950 
2) 75) 177200 O29 f= Li 
10 Zo 20. 00 0, 1848 ENS) 
LL 26 14, 00 eo 909 1d 0 
ir 26 20. 00 OAC ie WAN) 
13 Zi, 14. 00 0.1016 1350 
14 27 20. 00 ON 8 5} ibs) 
1) 28 14.00 0.0949 122 0 
16 28 20. 00 Om LOS Noh ee, 
17 29 7/200 0.0835 14.0 
18 30 17.00 CS Tif 1520 
iy 30 20. 00 0, 0980 14.0 
20 31 20, 00 0, 2260 16,0 
at June 3 20. 00 0. 6244 2250 
hie 4 14.00 0.0855 iD. 0 
Z3 4 17, 00 Dit ek 26.0 
24 6 15.00 pA 22 38.0 
25 7 14.00 ORsoo2 30.0 
26 yi OW 0.2040 32,0 
Za 7 20. 00 0.1412 30.0 
28 8 17.00 0, 2528 230) 
29 8 20. 00 0.3128 22.0 
30 9 20. 00 0.0495 Lae 
JL 10 14,00 D50329 14,5 
32 12 20, 00 0.0102 Lye 
33 ie 14, 00 0.0310 16.5 
34 veal 20. 00 0.0116 124) 
32 we) 18, 00 0. 0466 Loy 
36 20 2d U 0. 0680 20 
37 ZL LO Ori 756 255.0 
38 23 19, 00 0.9462 32,0 
She 24 18, 00 0, 0530 HOF 0 
40 July 13 13730 0.1601 215.0 
41 14 Zea 0. 1688 23.4 
42 15 18, 30 OM 02 23.4 
43 Lg 200 0.0410 19.0 
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TABLE V, 2. 


REGRESSION ANALYSIS OF SEDIMENT CONCENTRATION 
VS DISCHARGE FOR THREE TIME PERIODS ON BRIDGE CREEK 











SUMMER 1971 
= : 
Time Interval eee Result of T Test 
Coefficient 
R 
21st May-26th May 0.766 Sieniticant} at 0,2 
Der cenLeteve: 
27th May-4th June 0.940 Significant at 0.1 
per cent level 
6th June-19th July 0.903 Signi ticanteateund 


. per cent level 





The dependent variable, sediment concentration, is tested 
against the independent variables of water discharge (Q c.f.s.) at the 
time of sampling, the number of days after the start of the runoff season 
that the sample was taken on (date) and the rate of change of water level 
at the time of sampling (rate), An analysis of variance (F test) is used 
to ascertain whether the increment to the explained variance made by the 
additional independent variable is significantly different from zero, 

This regression technique is useful for establishing the relative 
importance of the independent variables on sediment concentration, A 
significance level of 0.05 is selected for the F test. Each of the 
independent variables is successively added to the equation in the order 
of the magnitude of their contribution to the explained variance, The 
results of the analysis are shown in Table V,3. These results show that 
suspended load concentration is controlied most significantly by discharge 
and that in addition there is a significant change in the suspended 
sediment concentration,depending on whether the suspended samples are 
taken early in the runoff season or later in the season, even when 
discharge is held constant. The hypothesis that the suspended concentrat- 
ion/water discharge ratio-declines as the runoff season proceeds in Bridge 


Creek, appears valid. 
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TABLE V.3. 


STEP-UP REGRESSION OF SUSPENDED SEDIMENT CONCENTRATION 
VS DISCHARGE (Q), DATE AND RATE 
__ BRIDGE CREEK 1971. 





Independent Degrees of Total explained Variance Result) or F test 
Variable - ° Freedom Variance “% © Added %*° Ce = 57 
Discharge (Q) 1 and 41 15.4 15.4 Significant at 
1% level 
Discharge (Q) 
Date 2 and 40 2355 Ont Significant at 
5% level 


Discharge (Q) 
Date 
Rate Brandes one PELs Se PG oe pe 0.8 Not significant 





These results are not in conflict with those found by other 
researchers, Colby (1963) states that the discharge of fine particles is 
controlled by the availability of supply of such particles and the supply 


is usually less than the stream can support. 


Milhous and Klingeman (1971) found that the sampling of 
suspended sediment samples in a small mountain stream in the Oregon 
Coastal Range "produced a considerable scatter of points as is typical of 
suspended loads which are dependent upon the availability of the particles 
for transport", They noted during their analysis that the first high 
flows transported more suspended sediment than later flows of similar or 


greater magnitude. 


Hall (1967), in discussing the pattern of sediment movement on 
the Tyne River in England, found that the sediment concentration/water 
discharge ratio changed significantly between summer and winter (Figure 7, 
p. 128). This he explains is the result of higher rainfall intensities 
during higher runoff and surface erosion. During the winter, rainfall is 


largely frontal and less intense, 


Brown (1972) also reports seasonal differences in the sediment 
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rating curves of streams in the Tumut Valley in south-eastern New South 
Wales, Australia, In a study of the effects of bush fires on suspended 
sediment yield he uses separate summer and winter rating curves as the 
suspended sediment concentration/water discharge ratio is considerably 


higher in the summer. 


Judging from the recent literature it is not umexpected to find 
seasonal differences in the suspended sediment concentration/water 
discharge ratio, Possible influencing factors controlling changes in 
this ratio are discussed along with factors influencing changes in the 
bed-load concentration/water discharge ratio in Section 5.6. at the end 


of this chapter. 


5.4, Weir Survey Results and Analysis 


5.4.1. Two O'Clock Creek Weir Survey Results 


These results are shown in Table V,4. and details of water 


discharge over the survey period are shown in Figures 5.4a and 5.4b. 


The initial survey of the pool behind the Two O'Clock Creek 
weir was made on the 18th June at 11 a.m, The discharge was below 10 
c.f.s. and no bed-load transport was observed. A series of increasing 
diurnal discharge fluctuations carried 25,053 lbs. of sediment into the 
pool by the 21st of June. The largest accumulations occurred on the 22nd 
and 23rd of June with 54,521 lbs. and 99,680 lbs. respectively. On the 
evening of the 23rd of June, the front portion of sediment behind the 
weir was excavated and a new level surveyed. On the 25th, 26th and 27th 
of June a much larger portion was excavated in preparation for further 


runoff from snow fields still observable in the catchment. 


From the 24th of June to the 16th of July, only the front 107 
points (instead of the full 234 points) were used in the surveys. The 
remainder of the reservoir was a flat deltaic surface with relatively 
little change in elevation and was not surveyed because the major volume 
change occurred in the excavated section along the front of the developing 


delta, 


The pool was re-surveyed after the excavation period, on the 
27th of June, Very little bed-load accumulated up until the 13th of July, 
reflecting the low water discharges (Figure 4.2.). On the 13th and 14th 
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of July 28,851 lbs. accumulated. The final survey of the season was 


conducted on the 22nd of July when 47,139 lbs. of bed-load accumulated, 


To determine the bed-load transport rating curve for Two 
O'Clock Creek, certain weir survey results were discarded from the 
analysis. The first accumulation period (18th to 21st of June) is not 
used because of the uncertainty that on the 18th of June the discharge 
did not reach the critical value required for bed-load transport (Figure 
5. 4a), The survey result measured on the 8th of July is also not used 
because discharge was not observed accurately enough over this low flow 
period to be certain that an unrecorded fluctuation did not occur, For 
the same reason, the result measured on the 22nd of July is not used 
(Table V.4.). The remaining six survey results are analysed to determine 


the bed-load transport rate for Two O'Clock Creek over the study period, 


se4eo- Two O'Clock Creek Weir Survey Analysis 


For the purpose of relating bed-load discharge to water 

discharge, the critical discharge for bed-load transport was determined 

in the field, From visual observations and by wading the stream during 
channel geometry and discharge measurements, it was found that incipient 
movement of bed material started at approximately 15 c.f.s. in Two O'Clock 
Creek, For the establishment of a bed-load - water discharge relationship, 
detailed hydrographs based on stage height and discharge readings for high 
flow periods are constructed (Figures 5.4a and 5.4b), The following 


procedures are used to determine the bed-load transport rate: 


1) The time that the stream discharge exceeds 15 c,f.s. during the period 
of accumulation is recorded from Figures 5,4a and 5.4b (Column 2, 


Tap lémV.o os). 


2) The mean discharge between 15 c.f.s. (or the lowest discharge for the 
period of accumulation - whichever is the greater) and the peak 
discharge for the period of accumulation is determined (Column 3, 
Table V,5.). (The mean discharge has been applied and found to be a 
satisfactorily accurate parameter despite the exponential relationship 


between water discharge and bed-load.) 


3) * lhe total bed-load accumulation in lbs. for the period between weir 


surveys is recorded (Column 4, Table V.5.). 
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4) The total bed-load accumulation in lbs. is divided by the number of 
minutes that the discharge exceeded 15 c.f.s. between weir surveys to 


determine the transport rate in lbs. per minute (Column 5, Table V.5.). 


5) The transport rate in lbs. per minute is plotted against the mean 
water discharge (No. 2 above) in Figure 5.5. to obtain a bed-load 


rating curve. 


TABLE V,5. 


BED-LOAD CHARGE AS COMPUTED FROM WEIR SURVEYS 
ON TWO O'CLOCK CREEK 1971 


1 Z 3 4 5 


Date of No) of hours Mean Total bed- fe 
bed-load discharge discharge load catch 1b j , 
movement 2 lote,. £8. Jia Cate S.54- ee IN bs, : are 
21st June 18.0 Z20SL0 21549 Loe 95 
22nd June 2150 Ay NO Dae oe t 4352] 
23rd June Teg 33,00 99,680 220 
23rd June 16.0 22220 22,446 ZOmD0 
13th-14th July 22.0 2125 28,851 2105 
15th July 14.0 19725 112693 1se92 


When plotted as a rating curve in Figure 5.5. these results 
indicate that there is a close relationship between bed-load discharge 
and water discharge. By fitting a regression line to the points in this 
figure, bed-load transport for Two O'Clock Creek for the study period can 


be expressed by the power relation: 


| 


Gemeus793 x o10ngrOr ace 


where the correlation coefficient = 0.96 at a significance 


tfaevelsoL Onl., 


5.4.3. Bridge Creek Weir Survey Results 


The initial survey was conducted in the Bridge Creek weir on 


May 9th. The results of this and other surveys are shown in Table V,6, 


Only 7,148 lbs. of bed-load accumulated behind the weir between 


May 9th and May 22nd. From this date until the 3rd of June, increasing 



























a3 - 7 ; ; oe) aes : | 

30 stedgue oft yO bsbivio et oadl ef nvlgnigairoan & 

of eqavwe wew osowied .2.1,9°¢) belesarp ag adoalh ote - 
+ aay 


- are sda 
BN abdalt ¢ $yafleD) Ap inotin Shy Ged ee eet" sainaatt aae ae 


new. oft teciiaa $S3tuhy et Stenia — edd, ni. Roe8 suet aa or 
. q 
beoi-had « nigtdo 63 .f-€ eames + (aveda £ soul syveaen® sosaw 7 ais ar 


a 


er 
7 - Sota 
t 
2 Ae - 
on = i- 
7 oe. 
_s f° t : 
. (20 MOST GER 3A SAH ae wills 
i j } cH (Fr BG - 


: : ba0T Tul" atte ty om 206 sia0 . 
of . = ¢ yo throd Lh ,sQovea nts Pb beol-~bod — 

5 itt ev ‘it ’ etre 222.0 a f= jIrsmevon 
6 oO} Gay ff af: (be saul sais 
7 ERE , dE Ta O98 aut. baSS 7 
pres Me Pe 0.5 e,% anul. bstf «° 
3 ie 5 oc e 9.8) saul. baES 


Sc: ; j f 25 +c ee a re) sak viol maladetl f 
GE} i es eo: @ 0 8! usol. daéf 


Sienna _——- ae ee a 
’ — . — 





7 f 
© 





: i> 9 


a! 265 vay 
etiveby ewedtd .¢.2 souul¥ ol oviwe gobs 68 Reaper eee 


Sy2Gder WH bao! -bad at qiseootseis; 86ha Alek ia Jule anes 
aif ot ss7ioy ef 4 iil nosegataas, 2 PeveEy va  sqroitse by sejaw bas 
WES BGsioq Vide 515 15° Naot dowio'O gu roe jtoyenend baal sbed - ugh 
| :rolgsivea vswoq edd Ye bewnetqes od. 


q 
“we : ~~ 


"90 See a 2 one 
: J i oe : = _ a 
cata 6 16.20.00. fnatal i905 ny ra ute oo: ox 7 *. 


2 fp ee ‘ 
a '; i : un, 
Ve oly aa. ¥- an A. yea oe 4 : 


a0 










sie 7 


, eS. 


Bed-load Discharge Gs Ibs/min. 


BED-LOAD DISCHARGE FROM WEIR SURVEY MEASUREMENTS 
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diurnal fluctuations of discharge produced 213,651 lbs. of bed-load 
accumulation, Between June 3rd and June 4th, 92,355 lbs. of sediment 


‘accumulated in 22,5 hours. 


The collapse of the weir at 1400 hours on the 5th of June 
prevented further measurements being made during the peak flow period. 
The weir was repaired and measurements started again on June 20th. After 
this, the only accumulation of any significance occurred on the 22nd June 
when the stream peaked to 33 c.f.s. and 106,131 lbs. of sediment 


accumulated, 


Although the weir surveys were too infrequent on Bridge Creek 
to produce a meaningful rating curve, they are used as absolute values to 


check bed-load sampler results (see Section 5,5,2.), 


Problems encountered with the Bridge Creek weir site resulted 


largely from the poor selection of a weir site. 


Soe Basket Sampling Results 


The sampling results are given in detail in Appendix C. 


The stream was sampled over three sections of channel width: 
the left bank (L.B.), the middle of the stream (M,S,) and the right bank 
(Rob eee ines total bed width across the log sill at the sampling site was 


7.5 feet and each of the three sections was 2.-5 feet in width, 


Because bed-load discharge fluctuates so significantly through- 
out any one sampling period, a mean value of bed-load discharge is 
calculated for each section of the channel width. These values are given 


in Table V,7, along with the mean water discharge for the sampling period. 


Seale COTTECLIOn fOr Loss Or Pinesmtrom the Basket Sampler 


. Because the bed-load sampler has a quarter inch wire mesh 
basket, it is assumed that there is a certain percentage of the total 
sampler catch that is washed through the mesh. This is particularly true 
at the beginning of the sampling period when the basket is empty. As the 
sampler fills with bed-load, this coarser material will act to trap 
particles finer than a quarter inch that would normally pass through. To 
determine what the average loss of fines is through the basket mesh, a 


selection of 14 samples caught in the sampler was sieved to determine 
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TABLE V.7. 


BASKET SAMPLER - DISCHARGE RELATIONSHIPS 
BRIDGE CREEK 1971 
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PABLEMVa se contd.) 


BASKET SAMPLER - DISCHARGE RELATIONSHIPS 
BRIDGE CREEK 1971 











Average Total 
Date Time Position Sampler eeeeae Bed-load SSL reAR 
Catch, i 6 Discharge ae oie 
per 1/3 
lbs/min. of stream 1bs/min. ckf>s; 
cc. -bed/min, 
May 31 7 2lo=18) 37 LB WAL BRS 
MS 105 2a Oe Gr 15 ikeyane) 
RB 0. 00 0.00 
June 6 14. 00-15. 10 LB 38, 00 352.00 
MS 56, 00 140. 00 235500 30,0 
RB 0.00 0. 00 
June 6 Joao =LO.5L LB ZOO sya ee10) 
MS 22,00 55.00 107-50 34.0 
RB 0. 00 0. 00 
June 7 14. 20-16. 00 LB 4.50 I hep) 
MS 13700 32,50 48.75 28.0 
RB 200 5.00 
June 8 15. 38-16. 25 LB Los 0 STAD) 
MS 3,00 oi 44,50 OM ests) 
RB 0.00 0.00 
June 9 15. 00-15. 30 LB 0.30 0275 
MS 0.50 L225 2.00 18:5 
RB 0,00 0.00 
June 10 15.00-16.00 LB 0520 0.50 
MS 0.00 0.00 0.50 1520 
RB 0.00 0.00 
June 12 18.00-18. 30 LB 0.30 Un/2 
MS Ons 0.38 Lae 18,5 
RB 0. 00 0.00 
June 22 20.00-20.25 LB 0.00 0.00 
MS 0.90 paRO Me) 3.50 24.0 
RB 0.50 Alan) 


coh peep | Left Bank 
MS Mid Stream 
RB Right Bank 
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what percentage of each sample was less than a quarter inch (Table V.8.), 
TABLE V,8. 
PERCENTAGE OF FINES LESS THAN 1/4 INCH 


CAUGHT IN BASKET SAMPLER 
BRIDGE CREEK 1971 





Date Discharge Per cent Date Discharge Q Per cent 
os en Mach. eee Pea reg 
25 May Lomo T3e20 29 May 14°0 ZBUD0 
26 May Pee 3/200 30 May Eas) dies 
26 May 16.0 Be 30 May 1540 LOS80 
27 May 16.0 > eO4 30 May iReyes 0) Ze OU 
27 May LOvO 15 31 May L5e0 24.70 
28 May 14.0 B02 oo 6 June Sheree 12, 80 
28 May 14.0 28.40 7 June 28.0 sys Ske) 


Mean percentage L920 





These results show that the amount of fines trapped is extremely variable. 
A mean value of 19.5 per cent of material < 1/4 inch is present in these 


14 samples, 


From the mean grain size curve for the material sampled in 
Bridge Creek weir and including the sample from the stream bed (Figure 
5.2.), it appears that 25 per cent by weight is less than 1/4 inch. If it 
is assumed that these samples represent the bed-load of Bridge Creek, then 
the basket sampler with a mean catch of 19.5 per cent by weight being less 
than 1/4 inch in size, is losing 5.5 per cent as a result of fines passing 


through the mesh, 


However the assumption that all the material less than 1/4 inch 
caught in the weir is bed-load is unlikely to be correct. A certain 
percentage of this material will be suspended load that has settled out of 
suspension behind the weir. As a result, the loss of fines through the 
basket sampler mesh is expected to be less than 5.5% and therefore probably 
well within the error of the sampling technique. It is concluded that the 


loss of fines through the sampler mesh in Bridge Creek is not significant. 
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No.4, eebasket opamp ler Rating Curves and Hydraulic Efficiencies 


The results of the basket sampling of bed-load in Bridge Creek 
are piven in Table V,7. and plotted as rating curves in Figure Di Oa 
linear regression line based on all the points in Table V,7. is described 


by the equation 
Cy PAI oO Card 


where Gus the bed-load discharge in lbs. /min. 


and Q = water discharge. 


The correlation coefficient for this relationship is 0.786 and 


is) sionificantrat the 07 per cent=level:. 


While plotting the points on Figure 5.6., it became apparent 
that there is a natural division of points between those plotted prior to 
the seasonal peak flow on the 5th of June and those plotted after the 
peak flow. For this reason two regression lines have been used to tit 


these data, 


The equation for the linear regression line for the data prior 


to the peak flow is 


Guemrsotne 10u) Qo 7 8 


The correlation coefficient for this relationship is 0,85 and is 


Sivniticant satathesO0. 2 pergcent! level. 


The equation for the linear regression line for the data after 


the peak flow is 


Gumie2n oles] Omke g’. 68 


The correlation coefficient for this relationship is 0.96 and is 


significant at the 0.1 per cent level. 


To determine the validity of assuming two separate populations 
of points in Figure 5.6., 95 per cent confidence limits have been included, 
These confidence limits show that the regression lines represent two 
different populations at a significance level of 5 per cent (pers, comm, 


E,S, Keeping, May 1972). 


From these sampler observations in Figure DpOey ble critical 


discharges for bed-load transport in Bridge Creek are approximately 10 
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c.f.s. prior to the peak flow and 18 c,f.s. after the peak. 


To determine the hydraulic efficiency of the basket sampler for 
high and low water discharges, the result of the total bed-load yield 
calculated between weir surveys from the basket sampler rating curves 
(Figure 5.6.), is expressed as a percentage of the amount of sediment 
actually caught in the Bridge Creek weir in the same period of time. 
Calculations of each day's bed-load yield from the sampler rating curves 


are outlined below and the results presented in Table V,9. 


1) The mean water discharge value between the critical water discharge 
required for bed-load transport or the day's lowest discharge (which- 
ever is the greater) and the highest peak discharge for that day, is 


determined (Column 2, Table V.9.), 


2) The length of time each day that the stream discharge exceeds the 
critical discharge requited for bed-load transport is determined 


(Column 3, Table V,9.)., 


3) The day's bed-load yield is calculated from Figure 5.6. by using the 
mean water discharge calculated in (1) to determine the bed-load 
transport rate in lbs,/min, This is then multiplied by the number of 
minutes the discharge exceeds the critical discharge required for 


bed-load transport (2) (Column 4, Table V.9.). 


4) Because of the infrequent surveyings of the Bridge Creek weir, the 
daily bed-load yields are summed for the period between weir surveys 


(Column 5, Table V.9.). 


5) The sum of these daily bed-load yield calculations is then expressed 


as a percentage of the weir survey results (Column 7, Table V,9.)., 


The results in Table V.9. show that the basket sampler efficiency 
ranges from 25 per cent at low stream discharges to 75 per cent at high 


discharges, 


Results from work recently completed in the hydraulics laboratory 
at the University of Alberta (pers. comm, Charles Gibbs, unpublished data, 
April 1972) show that in a laboratory flume and using a scaled down basket 
sampler model, the sampler's hydraulic efficiency ranged from 30 per cent 


at a bed-load discharge of 20 lbs. /foot/minute to 50 per cent at 110 
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lbs. /foot/minute (the maximum experimental range), These results do not 
include losses due to fines as all grain sizes used were larger than the 


sampler mesh size, 


Samide (1971) found that for the Elbow River in western Alberta, 
that the 1/4 inch mesh basket sampler efficiency increased from zero at 
Nedtethecmcriticalsdischarcer of) b200'c. fos. iO 35 per cent at 1400 c.f. s. 
and up to 45 per cent at 1600 c.f.s. Efficiency measurements beyond 
1600 c.f.s. were not possible because the actual bed-load discharges were 
not known. It is possible on the basis of work by Gibbs that at higher 


discharges the efficiency would increase further still. 


Hubbell (1964) attributes the basket sampler with an average 
efficiency of 45 per cent and it is this value that Hollingshead (1968) 


used in his study on the Elbow River. 


Because only three efficiency estimations are available for 
Bridge Creek (Table V,10.), the basket sampler measurements are adjusted 
on the basis of the field measurements of Samide (1971) and the laboratory 
results of Gibbs (pers. comm., April 1972), The trend of both these 
researchers’ results is similar to that found in Bridge Creek, where the 


sampler efficiency increases with increasing discharge. 


Corrections are made on the basis of a straight line relation- 
ship between 30 per cent efficiency at bed-loads of 20 lbs. /min. or less 
up to 50 per cent efficiency at bed-loads of 110 lbs. /min. (pers. comm, 
Gibbs, April 1972), These corrections are included in Table V,11l. and 


the corrected bed-load rating curves are plotted in Figure 5,7, 


It is possible that the unusually high efficiency found for the 
basket sampler in Bridge Creek at high discharges (Table V.10.) is a 
function of unknown factors relating to the different hydraulic conditions 
found in a steep shallow mountain stream. As only one estimation was made 


at high discharges, further work would be required to establish this. 


Using the corrected bed-load sampling values, bed-load transport 


for Bridge Creek can be expressed by the power relations 
Ge = 2.55 x 1077 9°75 


where R= 0.85 and is significant at the 0.2% level prior to 


the seasonal peak discharge (Figure 5.7.), and 


. 4 ie 


on | | be a 4 ¥ isco 


yee ch ootunos ete? (anne, istient vale ania al «l 


Se pes segekl ston bere wagte Tarp ibe ue net : 7! viont 


ae « viK 


™» 













= 
% 
























este pieteon of 3 ar muito? 74 vibelsy Becetreyt canny ob bya 
 @768 077 2 poor) Yoradytiis velahen 2eleae Wem Monk OE od’ jads 
2.8 DORAL ge anes tom EE ae 102 6. OLD Ba ons He a fephtiro odd wasn Aly. 
hegued waneanoipasem vorotod id |.4..o GBB Se Jee ae 24 og qu Sam 

yew eaaretion. ainhet lowiont a) owed o\0bgRey) am ae ee re 
yver@la da seit) edd +) suou Jo tei) eH gh eee as 1] .ewood jor 
[ilvu wedqrl sionk bie’ penton ie ea segredseys 


' 


wees we ain reigane s48ee) oro sogadbryen Che 4 ieee : 
4ef) tisotias: i 4niy ay: ley et t¢ fom (eo Gaal Ga Oe gee ieee 
wih wie ott wo otyate wnt Ae Bee 

= ; : 

ol@mlicvy ean 210 )s6" niotis oor ho Gaiam | | 

hadapthe 23a addsertpaad asiqeee sobena . OL 8 ohtet)) deed eebige 

yPusetods. oe (POT) shines 3 ‘jJoSau page bigls at I utead off a0 

yweeuly ica i 8702 Liaw . inion )246e) emai Ga atiuaes | 

i opty -feual sella Poa) Jeet of 18! ime a) eeivess “eeeiguaeses 

jul’ Qn iavteror) faye Syeeeige youetatite telgme | 


¥ 


i i 7; st SMRIEY IG : AbrAaAd OF Y it urn “2a uwiooerrad 
saei aa ,ftia\ (edt OS 20 eben! jo “ade iri tie Soe Saewe rendad gia 
jdeos .etag) tol 41 Off Lo ohbbeletiad YS tateioee eee oq 0g os gu 
Bon, ff. aldeT ot Beburiog ic. HIOLINESDIO enenH! Ace Lorqh add 

iV gteprd af beiso'q ant Raed anidag beot-fad betomrion — i 

1 = : 

ams go? bavel vorataliaiy dyin eliensind sits days nl od beeoy af 33 a 

@ et (.0).9 obtel) tsprapowth, yl te oe) oui ak oo 

Sibi verhyA joss thy Ot! 0%,808% got 

hy miacaaal ™ %. é teh iegrepe " 


' 44h. i A , > a 
i ee i ei pra aerr | oe 






* ee : Nii . lint . . : aan) 
entra, ee vu eat 








81 


‘9°G eANSTy Worlg x 
ee ee ee 


00°SZ TET ‘90T GES ‘9Z 06-0 ZE-8T €@-61 Sune 
OT SE GSE “76 004 *69 OvVT-OL SC ment € oun 
GT 77 159 ‘€1Z 0091S 09-0 Ocz01 Z eunr-7z AeW 
ee eS Sn 
“Sql “SsqT *Qg/ “utu/ *sqT *s°F*9 
yore) 2T39M 3[nNsoy s}[Tnsoy 0 [TeITITAO 
aud JO 4% se AdAINS zeTdueg Joyseg aaoge 0 
zotTdmes Joyseg ITOM pezerTnunsoy a8) asuey Jo osuey o7eq 


ee a ee ee 
eee eeeeeeeeeaeaeaeweee———— ——s—M—a—o—_—rommvs———w 


IL6l WHHNO FOCI 
SHOUVHOSIG GYOT-C4d ONIAYVA YOM AONTIOIAIT UFIdNVS LNSVa 40 SNOILVINOTVO 


“OTA AIAVL 





See cialate Carnie IL Yoel ate cavgas 30 2n6r 
| cov) meta Sar iag _ 











«# 
ge exrteh 
7? elit) au! 
woe) 
Of 2 eet ie 
4 ' — 2) o% 
Wes fz rt 
7 ie U 


82 


TABLE V,11. 


CORRECTIONS OF THE BASKET SAMPLER RESULTS 
BRIDGE CREEK 1971 








Date Time Uncorrected Correction Corrected Stream 
Bed-load Factor** Bed-load Discharge 
Discharge 
ibsey mane lbs, /min. Get. Ss: 
May 26 P5mlO= 1505 ie 75) Shy Ss) 62.50 16.0 
26 PAW) Dias orang, ales) 29.90 3333 So) Sy) Ley fa = 
27 7 45-1 8250 ore SNC 3738 518,03 HOnO 
28 14. 00-16. 00 Awo0 Seo3 es SN 1350 
28 19, 20-19. 43 Beee 3753 107.82 TRO 
29 15745-16741 Oren B23 sel2 14.0 
30 14. 30-15. 30 200 3h3 2.00 Tes ow) 
30 19.00-19.40 2.80 S1ye)s) Lake) iW es 
30 19, 45-20, 22 Sy es 3785 E7205 a2 
31 17. 16-18, 37 6215 310558) 20R47 jhsy#) 
June 6 14.00-15.10 95.00 LB* 15 She) 
140,00 MS DB sMeye' 647.62 38.0 
0.00 RB Beoe 
6 16, 15-16.51 M077 90 Shae S35) 27290 34.0 
7 14, 20-16, 00 48.75 8). e 838) 162204 ZOnU 
8 ibs Skerailisy, S10 44.50 3) She. 148.18 TASS) 
9 15, 00-16, 30 2800 Be 6.66 1335 
10 15. 00-16, 00 On.) geo 1. 66 1670 
(gd 18, 00-18, 30 Lel3 Ba3 Ls 1625 
22 20, 00-20, 25 8200. Shoe) Tie 65 24.0 


ce 


* LB Leite Bank 
MS Mid Stream 
RB Right Bank 


** Corrections based on a straight line relationship between 30 
per cent efficiency at a bed-load discharge rate of 20}1bSo/ 
min, /foot of channel width or less to 50 per cent efficiency 
at 110 lbs. /min, /foot of channel width (pers. comm, Gibbs, 
Apridel9/2)7 
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FIGURE 5.7 
CORRECTED BED-LOAD DISCHARGE FROM BASKET 


SAMPLER MEASUREMENTS BRIDGE CREEK SUMMER 1971 
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where R= 0,93 and is significant at the 1% level after the 


seasonal peak discharge (Figure 5.7.). 


5.6, An Explanation for Changes in the Sediment Load Concentration/Water 


Discharge Ratio in Bridge Creek 


From measurements of suspended load concentrations (Section 5,3.) 
and bed-load concentrations (Section 5.5.) in Bridge Creek, it is evident 
that in both cases, the sediment concentration/water discharge ratio is 
less after the peak flow than it is before the peak. The change in the 
bed-load transport rate appears to be centred around the peak seasonal 
flow on the 5th of June, Bed-load transported prior to this date 
required less water discharge than that carried after the 5th of June, 

‘In comparison, the suspended load concentration/water discharge ratio 
appears to decline sequentially as the runoff season progresses, It is 
possible, however, that the lack of a progressive decline in bed-load 
transport could be explained as a result of the extreme variability of 


bed-load transport disguising such a relationship. 


There are three possible explanations for why the sediment 
concentration/water discharge ratio declines. Firstly, a significant 
rise in water temperature from before the peak flow to after the peak 
would cause a decrease in the water viscosity and a resulting decrease in 
the sediment load that a given discharge would be capable of transporting. 
Changes in temperature are usually related to changes in the fine sediment 
concentration (see Leliavsky; 1966), Measurements of water temperature 
given in Table IV,6, show no such change near the seasonal peak flow and 


therefore a change in fluid viscosity has been discounted. 


A second possible explanation, relating especially to bed-load 
concentration, is a change in the bed pavement or bed armour condition, 
such that a greater critical discharge is needed after the peak seasonal 
flow to initiate bed-load transport. Milhous and Klingemann (1971) found 
for a mountain stream in the Oregon Coastal Range, that the bed-load 
transport/water discharge ratio increased after a peak flow. The critical 
water discharge required to initiate bed-load transport prior to the peak 
flow was 47 c.f.s. but dropped to 29 c.f.s, after the peak, This shift 


they attributed to a change in the critical discharge required to dislodge 
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the armour material on the stream bed. The Dog of the material they 
sampled prior to the peak flow was 8.8 cm and decreased to 7.7 cm in the 


samples taken after the peak. 


Kellerhals (1967) found from laboratory observations of bed- 
armouring that channel pavement formations only occur at low bed-load 
transport rates. Conversely, at high flows the entire bed becomes active 
and the pavement no longer exists as a protective layer. A continued 
period of low flow is then required to winnow away the fines and imbricate 


the larger particles. 


On the basis of these two studies, the possibility that the 
peak flow in Bridge Creek disrupts an existing bed armour layer has been 
discounted, If bed armouring was significant in controlling sediment 
transport prior to the peak flow, then the bed-load concentration/water 


discharge ratio should have increased after the peak rather than decreased. 


During high spring flows, however, selective removal of finer 
material will probably leave a lag of coarser grain sizes on the stream 
bed. This would contribute to a decline in the bed-load concentration/ 


water discharge ratio in the latter part of the season. 


The third possible explanation for a change in the sediment 
concentration/water discharge ratio is a change in the rate of sediment 
supply to the stream, Alpine areas, such as the one occupied by Bridge 
and Two O'Clock Creeks, can be considered as high energy geomorphic 
environments, especially during the spring thaw period. This geomorphic 
activity can be expected to decline later in the summer as freeze thaw 
cycles and active melt water runoff decline in importance, It is this 
influence of sediment supply that the writer proposes is most significant 


in controlling the sediment concentration/water discharge ratio. 


5.7. Sediment Supply 


The following observations made in Bridge Creek catchment during 
the field season are used to provide a possible explanation for the 
decline of the sediment concentration/water discharge ratio as the runoff 


season progresses. 


Bridge Creek catchment has a considerable accumulation of 


Pleistocene sediments covering its bedrock floor up to an elevation of 
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approximately 7,000 feet (Plates 2 and 3), With the down cutting of the 
streams since the Pleistocene, the sediments have been excavated, exposing 
walls of debris up to 150 feet in height (Plates 11 and 12). These 
exposures consist largely of glacial till but in one location, this till 
overlies an older deposit of fluvioglacial material. In most areas, the 
till is overlain by colluvial deposits up to several tens of feet thick. 
Except in the upper basin, this colluvial material has now consolidated 
and forms a shear face on top of the underlying till. Plate 12 shows 


the complete sequence of these deposits. 


The exposures are deeply rilled and gullied into severely 
eroded hoodoo forms and there is an almost total absence of vegetation, 
Abundant evidence exists (Plates 13, 14, 15 and 16) to suggest that mud- 
flows and debris slides carry material off these faces, down the gullied 
lower slopes, and deposit it in the stream channels. Because these 
sediments contain grain sizes that range from clays to boulders (Figure 
5.8.), this material would supply bed-load and considerable suspended 
load to the stream. In addition, melt water and rain wash during the 
spring thaw period probably wash considerable fine material off the basin 


slopes from extensive areas of frost rived bare ground (Plate 19). 


Another source area for sediment supply is in the upper part of 
the basin. Here material is possibly supplied from scree and solifluction 
slopes by avalanches and mudflows. Observations in the field above the 
tree line suggest that these sources are not as significant as the glacial 
deposits. There are large areas of alpine meadow on the floor of the 
upper basin with no evidence of recent avalanche or mudflow accumulation, 
This is not the case at the base of the glacial deposits where nearly all 
the vegetation shows signs of being recently inundated with debris (Plates 


15, 16, 17 and 18). 


Despite the lack of quantitative evidence for actual sediment 
source areas (which would be expensive and take considerable time), 
observations in the catchment have allowed en estimation to be made as to 
which areas offer more sediment relative to other areas. As a result the 


following sequence of events is tentatively suggested. 


During the spring thaw in the middle and lower part of the 


basin, the high banks of glacial debris become saturated with melt water 
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and start to slide and flow down the pre-existing channels excavated 
during the previous thaw periods. This material accumulates in the 
channel, probably at a time when water discharge is relatively low (Plates 
13 and 14). Up until the time of the peak seasonal discharge from the 
basin, increasing diurnal fluctuations from the snow fields higher in the 
catchment provide water for the successive removal of these readily 
available sediments from within the channel. The heterogeneous nature of 
these sediments which range in size from boulders down to clays, would 
provide ample bed-load as well as some suspended load. Suspended load is 
probably strongly supplemented during the thaw period by sheet and rill 
erosion of the numerous frost rived bare ground areas (Plate 19) on the 


basin sides. 


With the peak seasonal flow, most of this readily available 
mass movement debris at the base of the till exposures would be flushed 
out of the catchment. During later and less significant peak flow 
periods, only material on the stream bed and some minor bank erosion 
material would be available for transport. As a result, the transport of 
sediment for a given water discharge would be less after the seasonal peak 


flow than it would before the peak. 


While this is only one of a number of seasonally cyclic events 
that could control sediment supply in an alpine basin, the writer believes 


that it is the most important in the case of Bridge Creek. 
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CHAPTER VI 
CALCULATIONS OF BED-LOAD DISCHARGE USING FORMULAE 


65 lea introduction 


Using hydraulic variables measured in the field, the following 
bed-load formulae have been applied’ to Bridge and Two O'Clock Creeks for 
comparison with measured bed-load yields of these streams. A resumé of 
the formulae is given in Section 2.4, along with the eetinit one of each 


symbol (these symbols are also given in Appendix Me. 


Values for grain size are taken from the mean grain size curves 
for each stream (Figure 5.2.), Width, depth and velocity values are 
determined from the channel geometry relationships (except where specific- 
ally stated otherwise) given in Figures 4.5, and 4.6, at the selected 
discharge values. Average water temperature during the time which bed- 
load was being transported was found to be very similar for both streams 
(43°F), Slope measurements are given in Section 4.5, and the relative 
density of bed material was measured in the laboratory and found to be 


2 200; 


The results of each equation for selected discharges are given 
in tables accompanying the equations in this section and are plotted sin 


Figures 6.1. and 6,2, as bed-load rating curves. 


6.2. Calculations based on the Meyer=Feter and Muller Equation 


ao! Bridge Creek 


The Meyer-Peter and Muller equation can be written as 
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therefore K, = 64,61 


The resulting form of the equation in Two O'Clock Creek can be written 


as 


/3 


0.3135 ei =r ae 


Kg 


S72 


] - 0.2787 


The results of this equation for selected discharges are given in Table 


ViTZ. 


Ke ina 
p2/3gl/2 
48 5 
K = ——— = ae where tm =90,031 D 2 
se 22/6 ' 90 
n 
90 1/6 
therefore Ss = 62.605 
Dp = 0.0816 feet 
For Bridge Creek the equation can therefore be written as 
(en sel ca ge eoaspR fe] | 19.4991 
s Kg 
The results of this equation for selected discharges are given in Table 
Vivid 
6.2.20) lwo O/ Clock Creek 
The basic form of this equation is the same as that used in 
Bridge Creek. In the case of Two O'Clock Creek the distinct variables 
are: 
a 
S = 11.4 x 10 
dD, = 0.0564 ft. 
Doo (Da osyee Sees 
K = a ey BO where n' = 0.031 D we 
g 1/6 ' 90 
D n 
ss D hie = 0.7439 
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6.3. Calculations of Bed-load based on the Sehoklitsch (1934) Formula 


6.3.1. Bridge Creek 


This formula is usually written in the form 
52/3 
Sik 8 Fe AMO Sly ne 
E 


Because the Schoklitsch method for determining critical discharge 
proved to be unreliable, values of 10 c.f.s. and 18 c.f.s. were 
selected from basket sampler measurements (Figure 5.6.), The effective 
grain size (D;) is calculated for a known discharge (35 c.f.s.) and 
these results are shown in Table V1.3. This value of G, was then 
applied in the Schoklitsch formula with a known slope. Dg is therefore 


determined as 0.1272 and if OFS57. 


The resultant form of the equation for Bridge Creek is 


Cua, (Q, ROD) 


i Ol 


The results of bed-load discharge calculated using this equation for 


selected discharges are given in Tables VI.4a and VI.4b. 
GuseelwonO- Glocks Creek 


The basic form of the equation is the same as that used for 
Bridge Creek. The effective grain size De has been calculated using a 
discharge of 35 c.f.s. in the same manner as that used in the Bridge 


Creek calculations, arriving at a value of De = O0n09Rand iE = 0.30. 


The resulting form of the equation for Two O'Clock Creek is 


= Sie eee 94? 


The results of bed-load calculations for particular discharges are 


shown in Table VI.5. 
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TABLE V1.3. 


CALCULATION OF EFFECTIVE GRAIN SIZE 


FOR THE SCHOKLITSCH FORMULA - BRIDGE CREEK 


Calculateumioreasdi sciiarce Of 35 C. i, 5, 
USsinowarcr1 tics) sULech anes Otel. c,. S. 


ree 
; RIE 
feet mean peu 
ee ee eee eee ee ee eee eee 
0. 3958-0, 2166 0.3062 10 Oe Wisiee 1. 666 O27 1509 
0. 2166-0, 1333 0.1749 20 1.0389 1, 666 Oe 467 
0,1333-0,0816 0.1074 20 13 259 OOO 0.4417 
0, 0816-0, 0583 0.0699 10 0430 1. 666 Ono. 
0. 0583-0. 0316 0.0449 10 FE AOA WO. 1, 666 073419 
0.0316-0, 0116 0.0216 10 Zao ahh 1. 666 0.4927 
220273 
ee eae Se ern eee ens ee ee eee 
TABLE VI.4a 
COMPUTATIONS OF BED-LOAD DISCHARGE 
USING THE SCHOKLITSCH (1934) FORMULA FOR BRIDGE CREEK 
Critical discharge Om Ceres: 
rr ee ees ee 
Se ee a eS a 
Q (Q1-%1) Gy Go by G. 
cries: lbs/sec/ft. lbs/sec. feet lbs/min. 
ee ee ee ee ee ee 
10 0 0 0 555 0 
5 aoc OGL) 37054 8.8 219,05 
15 (OSs) 0.675 6,079 9,0 364,75 
17 On/a3 0.916 8.519 ORS Gy ile ges} 
20 1.020 Lele P25170 9.8 730,19 
25 1.429 hes TaN) 18,255 10.5 1095. 30 
30 le 7AaKs) LeLtS: 24.340 Lee 1460.40 
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TABLE VI.4b 


COMPUTATIONS OF BED-LOAD DISCHARGE 
USING THE SCHOKLITSCH (1934) FORMULA FOR BRIDGE CREEK 


Cy itr ca leitecharce sss )O Citas. 











Q €Q1-Q1) oi © by Cs 
Colas es Ibs/sec/ft. lbs/sec. feet lbs/min, 
18 0 0 0 .4 0 
20 0.204 0,248 eo 9.8 146. 04 
23 0.490 05596 6.085 One 365.09 
25 0. 666 0,811 Se, RES) Loy. Sil 3 
27 02833 LOLs BOR 950 10.8 657.517 
30 Le 07 a 304 14. 600 is 876,23 
35 1.478 We TPeXS) 20. 689 Ns AE Sf 





TABLES Vl oe 


CALCULATIONS OF BED-LOAD DISCHARGE FOR 
TWO O'CLOCK CREEK USING THE SCHOKLITSCH (1934) FORMULA 











© (Q1-%1) Sy Go Dw SS, 
Chies: lbs/sec/ft. lbs/sec., feet 1lbs/min. 

10 0 / 0 0 10.0 0 

lite 0 0 0 A 8) 0 

20 0.423 1,354 Le, Ties 958. 34 

aS 0. 800 2.650 32.00 12 1920. 00 

30 ils MWSS 3. 690 47.96 1320 2871.09 

35 1.470 4,704 Gano, 1326 3838.46 

40 as OS 5 0 4798.00 


mile (2ec6 14. 
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6.4. Caiculations of Bed-load Discharge using the Blench 1969 Regime 


Slope Equation 


The recommended form of the equation is 





Pes SK pi/6 gi/12 
(c) : ay 
F 
bo 
BESS 
where K = Ta 
Vv 
-5 
Wee ahh Se 1k) 
therefore K = 1852.39 


The meander correction coefficient (k) is applied to take into 
account that portion of the energy slope dissipated through the curvature 
of flow and by irregular bed forms. Blench states that this ranges from 
1.25 to 2.75 in natural rivers and for the purposes of this study the 
maximum value of 2.75 was selected because of the twisting, plunging 


channel form over the study reach in both streams. 


Fho = Fy = “ at velocity conditions where there is little or 
no bed-load discharge, For both streams, the discharge value of 15 
c.f.s. is selected to represent this condition and velocity is 
interpreted from the bed-load and discharge (Q) relationships shown in 
Figures 5.5. and 5,6. The resulting bed-load rating curve shown in 
Figure 6.1. is evidence that further refinement of the Blench bed-load 
formula in Bridge Creek based on a varying critical entrainment 


velocity, would not significantly increase the accuracy of the 


calculated bed-load discharges. 


The values for bed-load charge are taken from Blench's 
Ficure 7.2, (1969) which plots £16) vs C in parts per one hundred 


thousand from the equation 


ai 5 GREY cy lif 12 


(cee lee eC 208 


The charge is then converted to pounds per minute, 
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6.4, lo Bridge Creek 


Criticalgvelociity = 2.75 
d = 0.65 
ues = 950 13 
S = 0.067 


71 


The resulting form of the equation for use in Bridge Creek is 


eit) - 0.067 x 1852.4 x »1/6 gi/i2 
(c) 2.75 x 7.962 
Soe 2 Re ee 


Bed-load charge is calculated using this equation and the results are 


presented in Table VI.6. 


61422. Two.0'Clock Greek 


The basic form of the equation remains the same as that used 


in Bridge Creek, Variables peculiar to Two O'Clock Creek are: 


Se ORIEL 
Foo = WS 2S) 
d = 0.45 


Critical velocity = 2.78 


The resulting form of the Blench regime slope equation for Two O'Clock 


Creek is 
ei"! x Ove xe o> oo ex pi/é omlake 
(c) Dn Ts se Behe ake: 
= 5.655 pr/6 gi /12 


Calculations of bed-load charge using this equation are presented in 


Tables Vi.7. 


6.5. Calculations of Bed-load Discharge using the Modified Einstein 


Procedure of Colby and Hubbell 1961 


The first step in computing the bed-load discharge using the 


modified Einstein procedure is the solution of the equation 
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TABLE VI.6, 


CALCULATIONS OF BED-LOAD DISCHARGE FOR BRIDGE CREEK 


Q gi/i2 b pi/é aus C oe 
Ceres. feet i parts/100, 000 lbs/min. 
10 aoa 8.40 262.6 FRO5S Gs} 68.0 
i Le253 hs “AW dls AeA | 8.140 124 78.0 
20 ils Re 8) 9. 80 the WAS) 8.346 126 OD), 
ia 1308 LOROZ 1469 Br ola 128 eo ee, 
30 ee 27, LOmoe e460 8. 646 30 1672 
35 1,345 1, OO 1.1491 Se (HAS 32 Liao 
40 Lhe SMe iO ows 8, 878 134 203.6 
eo eee 
TABLE: Vi. 7. 


CALCULATIONS OF BED-LOAD DISCHARGE FOR TWO O'CLOCK CREEK 
USING THE BLENCH (1969) REGIME SLOPE EQUATION 


Seen ee 
SS a a eS 


Q gi /l2 b poe isa c Gs 
Clas: feet parts/100,000 1bs/min. 
10 Pe210 1070 TAlA68 2 72.8540 ELO 41,8 
i Le 200 Pac 1.1491 8, 1427 b22 7 Ocal. 
20 13203 Lao ih. eee) Cro UT, 126 wi 
25 I SIs MPAs) lo 2 Geos 245 128 eT! 
30 Le ed, eh W Palos 6, 0552 130 148, 2 
35 1.345 126 1.1545 8. 7820 132 AW fey) 
40 1.3605) LA0: Wha siesta nehs 0) 134 203. 6 
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Discharge DOECe LSS (RS), 0.00394 
A : 2 ; 
Size Range 1 De p3/ nes ox ipowpg!? 
feet ib feet x10 
0. 3958-0, 2166 LOS ON2O2 Smee Oe lo o4e 4 0R34 - 
0. 2166-0. 1670 LO 08190285 00629 32522 - 
0, 1670-0, 1500 10 On1583 0. 0630 26,68 - 
0, 1500-0, 1067 10 0, 1284 0.0460 21, 64 0.0016 7.36 
0. 1067-0. 0817 LOM Onto /a ee On0s lcm  19866gF 0.0085 13595 
0.0817-0. 0583 10 0.0690 ORO EEd 1oa3s 0, 0038 6.88 
On0587-0,03 16m LON 0R4429— 0F00G0m 198355) 0: 0036 ah Ee 
Cz0510-07 ON Guu 10m 0501919 © 020025 TO S38 Smee, 0036 0393 
32.47 
TABLES Viewed. 
BED-LOAD DISCHARGE CALCULATIONS ON BRIDGE CREEK 
USING THE MODIFIED EINSTEIN PROCEDURE 

Q d Vin co Rs) (RS) i,exp3/2 op G 

k m m ee W s 
tee LCe Cur, DS. x10 feet 1bs/min. 
15 0. 66 Jats 3.200 9 020425e5 02001806 - O20) - 
20 05/0 TA) 5. 83019 02048 /e—n 02002371 - 9. 80 - 
25 Og Sue 3S 6. 250) 9 0.054264 04002959 ie oO¢s  LOL25 0. 664 
30 0. 80 BO 6, 66 /am On05 Core 07005422) ‘Sige | 10% 55 Spe) 
35 O;o3ae Sag 6.9L Jaw ON0GZSre O00S945"6 325470) 11k 00 2.658 
40 Ono Gamuebree Tav6/am 0 .0G/dee 0000450008 801/69) 11450 337468 
50 Des 4.7 7To0C a0 0 134teeO 20053 87ee245 2030 ie OO seiOoT CoS 


TABLE V1.8. 


SAMPLE CALCULATION USING THE MODIFIED 
EINSTEIN PROCEDURE ON BRIDGE CREEK 
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TABLE VI,10. 


SAMPLE CALCULATION USING THE MODIFIED 
EINSTEIN PROCEDURE ON TWO O'CLOCK CREEK 








Discharce wo EC. ts. eee a Ro) 0, 002266 
ep i a 
F . 3/2 
Size Range ip Dy De Vn ox. iyoape/” 
feet ates ; x10 
eee ee eee eee 
0. 2694-0. 1694 10 OF2136 0.0987 62.570 - - 
0. 1694-0. 1361 10 Oe tore 0.0591 44.480 - - 
0. 1361-0. 1033 10 OSrres 0.0408 34. 686 - - 
0. 1033-0. 0800 10 COsa) 0.0274 Zon OST 0.00012 07325 
0, 0800-0. 0564 10 0.0671 ORC iy 19, 638 0700520 6,090 
0. 0564-0. 0322 10 On0225 0, 0088 19, 047 0.00480 4,205 
OF0322-0,0219 10 0.0264 0,0043 19.047 0. 00480 2.064 
0.0219-0, 0113 10 GMO 5 0.0019 19, 047 0. 00480 Oni 
he See) 
iit ee 
TAD L tev ck Le 
BED-LOAD DISCHARGE CALCULATIONS ON TWO O'CLOCK CREEK 
USING THE MODIFIED EINSTEIN PROCEDURE 
eee ee 
Ln 
Q d Vm = RS) RS en i, oxn3/? be Ge 
Cotes meLeclant, pS. - x10° feet 1bs/min. 


4,44 0,0428 0.000183 1.479 Oe 
5.11 0.0482 0.002266 13.600 iy 

20 apts LSID 6.22 0.0476 0.002266 13.600 ine 
7022 20. 0470980. 002 260m5Ls. 00Um ai2, 

8 020022 Gbmeels. 000 ae) 

J O07 002266001 5,.0008 5 13: 
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V(RS)” = Vne/) 32.6 log (12-2 7xd/k ©) 
m 10 Ss 


The trial-and-error solution of this equation can be made graphically 


from Plate 1 (Colby and Hubbell, 1961), The roughness diameter (ke) is 


that particle size of bed material for which 65 per cent by weight is 
finer (Dg5) « k, is equal to 0.12 feet in Bridge Creek and 0,09 feet in 
Two O'Clock Creek, By trial and error, the dimensionless parameter x is 
determined for both Bridge and Two O'Clock Creeks from Plate 1 to be 
equal to one in both cases. To determine x, a value of y = 1.58 x Hone 
corresponding to a water temperature of 43°F is used. From the values 


of xd/k, and the mean velocities (Vm) from Figures 4.5. and 4.6., the 
values of v(RS),, are determined from Plate 1 (Colby and Hubbell, 1961). 


The remainder of the procedure is outlined in Section 2.4.4. Table VI.8. 
shows the calculations undertaken to determine the transport function at 
one stage for the range of grain sizes present in Bridge Creek. The same 
is shown in Table VI.10. for Two O'Clock Creek. Material finer than 
0.011 feet is not included in the analysis. As can be seen in Tables 
VI.8. and VI.10., this fine material contributes very little to the 
calculated bed-load discharge. Calculations for bed-load discharge 

using the Modified Einstein equation are shown in Tables V1.9. for 


Bridge Creek and Table VI,11. for Two O'Clock Creek. 


Because the results of this calculation are to be compared to 
the measurements of material moving as bed-load, the determination of 
the suspended load of particle sizes for which the bed-load function 
exists has not been included, It is assumed that material in suspension 
will pass through the weirs except possibly at low flows, when some of 


it may contribute to the fine material caught in the pools, 


6.6. A Comparison of Bed-load Formula Results 


The results of the four bed-load formulae used in each stream 
are plotted in Figures 6.1. and 6.2. for comparison with measured bed- 
load discharge. Briefly stated, these results show a wide range of 
estimates and therefore the formulae are unreliable for use in this 


situation, 


The Meyer-Peter and Muller (1948) equation appears to over- 
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estimate bed-load discharge at low water discharges in Two O'Glock 
Creek. The experimental range of this formula more closely conforms 
with the two streams studied than any of the other formulae used, An 
interesting aspect is the accuracy of the bed shear stress caiculated by 
the formula (0.047 y, D,) corresponding to the start of bed-load movement 
in Two O'Clock Creek, This value is too high for Bridge Creek where 
bed-load starts to move at a lower value (10 or 18 c.f.s.) than that 


GaleulatedeGe jac 4i.s,)n 


The Schoklitsch 1934 formula gives the highest estimation of 
bed-load yield of any formula applied in either Bridge or Two O'Clock 
Creeks, despite the application of an observed value for critical 
discharge rather than Schoklitsch's computed value. It appears that 
this formula is over-influenced by slope, which admittedly is excessive 
and outside the experimental range of the equation. In addition the 
effective grain size diameter may be intended as a measure of roughness 
as well as the availability of sediment for transport. Roughness in 
these mountain streams is not well represented by bulk samples of 
transported bed-load but is more a factor of the larger blocks over 


which the water plunges in a series of small cataracts. 


The results of the Blench formula suggest lower increases in 
bed-load discharge with increasing water discharge than field measure- 
ments show. The formula does not take into account the decreased 
proportion of energy required to overcome the channel irregularities (a 
roughness factor) with increased stage such as the other methods do. 
This method would therefore be more accurate if the meander correction 


coefficient decreased inversely with stage (Hollingshead, 1968), 


The Modified Einstein equation results plot very low on both 
graphs (Figures 6.1. and 6.2.), This probably reflects the dependence 
of this formula on measured mean velocity, a variable that is difficult 
to describe in such small streams, Evidence from field measurements of 
velocity showed that as discharge increased, the bank turbulence caused 
a decrease in velocity near the banks, such that the flow was directed 
very rapidly down the centre of the channel. At low flows the velocities 
measured were lower but more constant across the width of the stream 


even up to within several inches of either bank, The result is that 
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mean velocity calculations made at high discharges from width and depth 


measurements are low compared to the velocities that actually entrain 
bed-material. Probably the best way of compensating for this error in 
small streams with rough boundaries is to take accurate velocity 
measurements at three or four representative cross-sections and to 
calculate bed-load discharge only for the width of channel where bed- 
load is known to be moving. This may entail visual or acoustic 
observations of bed-load movement to determine critical velocities and 


the width of the mobile portion of the bed. 


In conclusion, the bed-load formula results suggest that this 
method of estimation is unsatisfactory for predicting bed-load discharge 
in small mountain streams, The conditions in the small, rough boundary 
steep streams are so different from the experimental conditions for 
which the formulae were derived that any relationship is unlikely. In 
this geomorphic environment, bed-load is not controlled solely by 
hydraulic conditions, but also by supply and probably varying conditions 
of critical tractive force (Milhous and Klingeman , 1971) required to 
entrain particles. As a result, it appears that some method of direct 
bed-load measurement is the only reasonably accurate technique available 


for determining bed-load discharge in small mountain streams. 
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FIGURE 6.1 


BED-LOAD DISCHARGE RATING CURVES 
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FIGURE 6.2 


BED-LOAD DISCHARGE RATING CURVES 
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CHAPTER VII 
CONCLUSIONS AND RECOMMENDATIONS 


7.1. Conclusions 


Climatic data and runoff measurements from Two O'Ciock and 
Bridge Creeks during 1971, show a very close correspondence between air 
temperature and resulting snow melt discharge for the early part of the 
runoff season, This relationship was described for Two O'Clock Creek by 
McPherson (1971) for the summer of 1969. The seasonal peak flow of 1971 
on Bridge Creek, however, shows the importance of rainfall on the winter 
snow pack, This was also observed for a secondary flood in Two O'Clock 
Creek by McPherson in 1969, Rainfall late in the season does not appear 
to significantly affect stream discharge, Further evidence for this was 
the storm (1.75 inches of rainfall) recorded by McPherson (1971) in Two 
O'Clock Creek basin in August 1969, This intense rainstorm produced 


only a minor increase in water and sediment discharge, 


For Two O'Clock Creek the weir sedimentation method of 
measuring bed-load accumulation proved to be a suitable technique for 
establishing a bed-load rating curve, A close relationship exists 
between bed-load discharge and water discharge in this stream. A 
generalized bed-load rating curve has been determined from the weir 


survey data on Two O'Clock Creek and has the form: 


G. = ag?-9 
Due to the collapse of the weir on Bridge Creek, insufficient 
measurements of sediment accumulation were made to construct a bed-load 
rating curve from the weir survey data. Three weir survey results were 
obtained and these are compared with the basket sampler measurements on 
this stream. This enabled tentative basket sampler efficiencies to be 


described, 


The basket sampler results from Bridge Creek show that this 


technique, when used in a small mountain stream, is a dependable method 
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for determining the bed-load transport pattern. In Bridge Creek, the 


two bed-load rating curves constructed from basket sampling data show a 
close relationship between water discharge and bed-load discharge, An 
inherent difficulty with basket sampling, however, is the determination 


of a hydraulic efficiency for the sampler. 


Tentative efficiencies were determined for the basket sampler 
used in Bridge Creek. The amount of bed-load caught in the weir between 
each survey was compared with the bed-load value calculated from the 
basket sampler rating curves, for the same period of time. On this basis 
the sampler efficiencies ranged from 25 per cent at low discharges to 75 
per cent at higher discharges, Because only three comparisons were made 
between weir survey results and basket sampler results, these efficiency 
estimations are limited in their reliability. What is interesting is 
the trend of increasing sampler efficiency with increasing water and 
sediment discharge. This trend has also been observed by Samide (1971) 
for larger rivers and by C, Gibbs (pers. comm., 1972) for a laboratory 
flume. The results from C, Gibbs are used to determine the corrected 
basket sampler rating curves for Bridge Creek using percentage 
efficiencies that range from 25 per cent at bed-load charges of 20 lbs. / 


min. /foot to 50 per cent at bed-load discharges of 110 1bs./min. /foot. 


The bed-load sampling results from Bridge Creek show that the 
sediment concentration/water discharge ratio declined from relatively 
high values prior to the seasonal peak flow to lower values after the 
peak. For this reason, two separate bed-load rating curves have been 
used for this stream, Milhous and Klingemann (1971) found that in a 
stream in the Oregon Coastal Range, the bed-load concentration/water 
discharge ratio increased after the peak flow which is in pepceii on to 
the results obtained on Bridge Creek, This increase in bed-load 
discharge after the peak, Milhous and Klingemann accounted for as a 
result of the disruption of the bed-armour condition of the bed during 
the peak flow, resulting in a subsequent decrease in the critical 
discharge required to entrain bed-material, In Bridge Creek, the 
critical discharge required to entrain bed-load increased after the peak 
flow, discounting the possibility of bed-armour significantly controlling 
bed-load transport early in the season. 


The corrected basket sampler bed-load rating curves can be 
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described by the following generalized linear relationships: 
= 6.8 ‘ ; 

G. = b Q prior to the peak flow 

and GS =l'¢ go. 5 after the peak flow 


A similar decline in the sediment concentration/water discharge 
ratio was observed from suspended sediment sample measurements taken in 
Bridge Creek, This ratio declined as the runoff season proceeded. A 
step-up multiple regression analysis determined that water discharge 
accounted for 15.4 per cent of the variance in the water discharge - 
suspended load relationship. If the day the sample was taken on is also 
included in the analysis, a total of 23.5 per cent of the variance is 
accounted for, showing that the suspended sediment concentration is 
partially dependent on whether the sample was taken early in the runoff 
season or later in the season, The effect of rising and falling stage 


on suspended sediment was shown to be insignificant in Bridge Creek. 


This change in the suspended sediment concentration/water 
discharge ratio has been observed by Hall (1967) in the Tyne River in 
England and also by Brown (1972) in south eastern New South Wales, 
Australia. These two researchers used separate summer and winter 


suspended sediment rating curves due to variations in sediment supply. 


Qualitative field observations suggest that sediment supply is 
the major factor causing a decrease in both suspended-load and bed-load 
concentration/water discharge ratios, High banks of glacial till and 
colluvial debris marginal to Bridge Creek channel below an altitude of 
7,000 feet appear to supply a large proportion of the stream's sediment 
load. During the spring thaw this material slides and flows off these 
steep faces and is deposited in the stream channel. During the spring 
thaw and early summer period, snow melt and rainwash probably carry 
considerable amounts of fine material off the basin slopes from 
extensive areas of frost rived bare ground. Later in the summer,with a 
decrease in the intensity of geomorphic processes in the basin, the 
possible formation of a stream bed pavement, and the removal of nearly 
all the available mass movement debris from the stream channel by the 


peak flow, sediment load carried by the stream may be expected to 
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decline, 


The application of existing bed-load formulae in smail 
mountain streams appears to be subject to considerable error, Of the 
four formulae used (Blench regime equation, Meyer-Peter and Muller 1948 
equation, Schoklitsch 1934 equation and the Modified Einstein, Colby and 
‘Hubbell 1961 equation), none gave an accurate estimation of bed-load 
discharge, If the evidence for sediment supply partially controlling 
bed-load transport is accepted, then it is not unexpected that these 
formulae do not accurately predict bed-load discharge. These formulae 
rely on hydraulic and sediment parameters measured in the channel and 


not on catchment characteristics. 


As a result of these bed-load formulae applications, it is 
suggested that some method of direct measurement will result in a more 


accurate estimation of bed-load yield in mountain streams. 
7.2, Recommendations 


An improvement to the weir sedimentation technique would be 
the mechanical analysis of suspended load, This would determine more 
accurately what proportion of the material caught in the weir is the 


result of suspended sedimentation. 


In future weir sedimentation studies it is recommended that 
during construction, a gate is included in the front of the weir, This 
would enable the flushing out of accumulated sediment at periods 


throughout the runoff season in readiness for further deposition. 


A problem always present with the weir sedimentation method is 
the possibility of a peak flow bypassing or collapsing the weir, ‘This 
can be guarded against by the careful selection of a weir site and by an 


adequate method of removing accumulated sediment from behind, 


Bed-load sampling is the simplest direct method of measuring 
bed-load discharge and is not subject to failure during exceptionally 
high flows in a small stream, Further work using samplers in similar 
fluviomorphic environments will probably result in more accurate 


estimations of sampler hydraulic efficiency and loss of fines. 


The sampler is a mobile instrument and does not require 


constant maintenance throughout the study period. It is also sensitive 
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to minor bed-load fluctuations and is therefore useful in the study of 
bed-load transport patterns as well as the determination of the critical 


discharges required to initiate bed-load transport, 


An additional problem associated with the use of bed-load 
samplers is the variability of bed-load discharge over a short period of 
time, This means that numerous samples must be taken over any one 
sampling period to determine the average transport rate for a particular 


discharge, 


Because of the relative simplicity of bed-load sampling and 
its sensitivity to changes in bed-load transport, it is recommended that 


this technique be used in future studies in mountain streams. 


If bed-load formulae are to be pursued further for estimating 
bed-load yield from mountain streams, the following recommendations are 
made, Future studies should use average velocity measurements from 
three or four cross-sections rather than estimated velocity from channel 
geometry measurements. Also, some estimations of the width of moving 
bed-material should be made rather than using average channel width. 
Similarly, the depth of flow over the moving bed-material rather than 
the average cross-sectional depth would possibly improve many of the 


bed-load estimations. 


The determination of the discharge critical for the transport 
of bed-material is realized to be an important parameter and should 


always be included in field investigations. 


From the results of weir sedimentation and basket sampler 
measurements it is possible to construct simple bed-load discharge, 
water discharge relationships, In future work it may be possible to 
determine if there is any general similarity in the shape and the slope 
of these rating curves for a number of alpine streams. Because only 
relatively low bed-load transport rates were measured in both Bridge and 
Two O'Clock Creeks, it is realized that the relationships determined 
between bed-load discharge and water discharge probably do not exist at 
higher flows. Further research at higher stream discharges is required 


to determine the shape of the curves under these conditions. 


Due to the dependency of sediment concentration on sediment 
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supply in Bridge Creek, it is apparent that a singie suspended sediment 
or bed-load rating curve would be unsatisfactory for predicting sediment 
yield. It is therefore recommended that accurate sediment yield studies 
in small alpine watersheds may have to be based on the use of several 
sediment rating curves representing different conditions at different 


periods throughout the runoff season. 


It is possible that future studies in alpine streams will show 
that the importance of sediment supply in influencing bed-load and 
suspended load transport is not unique to Bridge Creek, These studies 
might look in quantitative detail at factors affecting sediment supply 
to stream channels in order to improve on qualitative proposals made in 
this study. Such an analysis,along with more detailed studies of water 
temperature, rising and falling stage and bed-armouring, could help to 
further explain the very large variance associated with sediment rating 


curves in so many streams, 
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Plate l 


North facing slope in the upper part of 
Two O'Clock Creek basin. Mid June, 1971. 





Plate 2 


South tributary of Bridge Creek showing stream 
excavation of glacial and colluvial debris on basin 
floor. Mid June, 1971. 
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Plate 3 


North tributaries of Bridge Creek showing stream 
excavation of the glacial and colluvial debris, 
Mid June, 1971. 





Plate 4 


Severely eroded bedrock in the most northerly 
portion of Bridge Creek catchment. Mid June, 1971. 
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Plate 5 


Bridge Creek weir. 





Plate 6 


Bridge Creek weir from the left bank, upstream, 
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Plate 7 


Front of Two O'Clock Creek weir. 


Plate 8 


Water level recorder at the 
first recording site used'on 
Bridge Creek, A diurnal peak 

can be seen on the trace. 
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. Plate 9 


Basket sampler and second 
water level recorder site 
on Bridge Creek. 
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Plate 10 


Half size basket sampler (12x6x15 ins) 
with quarter inch mesh, 








Plate 12 


Stream eroded stratigraphic 
sequence of sedimentary 
deposits in Bridge Creek basin: 
1. Colluvial material 
Zee iat 
3, Fluvio-glacial material. 





Plates i 


Stream eroded till deposit 
in the lower part of 
Bridge Creek basin. 





122 





E23 





Blete 13 


Mass movement debris in Bridge Creek stream channel 
at the base of the till face shown in Plate 11. 
Prior to the seasonal peak flow, 1972, 





Plate 14 


Heterogeneous mixture of the mass movement debris. 
Note the displacement of the stream channel around 
the toe of the feature. Prior to the seasonal 
peak flow, 1972. 
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Plate 15 


Inundated vegetation at the base of the till face 
shown in Plate 11, 





Plate 16 


Spring thaw mudflow deposits caught in the lower 
branches of a tree at the base of the deposits 
shown in Plate 12, 
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Pilate 17 


Old mass movement debris that has slid down from the face shown in 

Plate 11 (behind the camera), crossing the stream and covering the 

Opposite stream bank, Subsequent stream erosion has excavated this 
section, Note the paleosol between the two deposits, 





Plate 18 


Small debris flow channels at the base 
of till face shown in Plate 12. 
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Plate 19 


Frost rived bare ground near the 
weir site in Bridge Creek basin, 


Plate 20 


A point where the Bridge Creek 
entrains bedrock debris, 
The lower part of the slope has 
been swept clean by higher flows. 
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Plate 21 


BRIDGE CREEK CATCHMENT 


Uncontrolled Aerial Mozaic 


North Saskatchewan River 





APPENDIX A 


SYMBOLS 


Meaning 


Channel breadth, general 
Water surface breadth 
Bed-load charge 


Suspended sediment concentration 


Effective grain size 
Geometric grain size 


The specific grain size at which x per cent of the total 
sample weight is smaller than 


Blench's mean grain size 
Shield's mean grain size 
Mean depth of flow 

Blench's bed factor v2/d 


Zero, bed factor 


Bed-load discharge, lbs., per foot, per second, dry weight 
(Schoklitsch) 


Bed-load discharge, lbs. per second dry weight (Schoklitsch) 
Bed-load discharge, dry weight 
Gravitational acceleration 


Sediment discharge per unit width dry weight 


Sediment discharge per unit width, submerged weight 

Fraction of specified size range of total bed sample by weight 
Meander correction coefficient in regime slope equation 
Equivalent sand grain roughness 


Strickler roughness coefficient 


Particle grain roughness 


du Boys material parameter which is a function of the slope 
and the particle size 


Wetted perimeter of the channel 

Stream discharge per unit width (Schoklitsch) 

Critical stream discharge per unit width (Schoklitsch) 
That discharge which acts on the stream bed only 


Volumetric rate of sediment transport (Shield's) 
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APPENDIX A (Continued) 


Symbol Meaning 
ds Bed-load discharge per unit width 
q Stream discharge per unit width 


Hydraulic radius 


S Slope 

Ss Specific gravity of sediment 

V Velocity, general 

Vm Mean velocity 

YF Specific weight of fluid 

Ys Specific weight of sediment 

v Kinematic viscosity of fluid 

v70 Kinematic viscosity of fluid at 70°F 

0 Mass density of fluid 

ANS: Shear stress at boundary 

re Boundary shear stress for beginning of motion 
® Intensity of transport 

ts Intensity of shear on particle 

x Sum of 

Ap Percentage of the total weight of a particular grain size 
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APPENDIX B 


SIEVE ANALYSIS OF BED-LOAD MATERIAL 


Bridge Creek 


Grain size 
(inches) 


2.000 
1.000 
0.750 
0.350 
OR 3 
OFLEL 
0.079 
0.055 
OF039 
0.028 
0.020 
0.014 
0.010 
0.007 
0.005 
0.003 
0.002 
0.002 


Largest particle 
("b" axis in inches) 


12.41 
32505 
41.66 
By gel 
(e7/ oulk 
70.80 
he 
76.14 
78.65 
80.80 
82.90 
84.97 


- 86.98 


88.64 
90.58 
92502 
94,25 
wheats 


BiG 


(As percentage coarser by weight) 


Sample 
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APPENDIX B (Continued) 
SIEVE ANALYSIS OF BED-LOAD MATERIAL 


Two O'Clock Creek (As percentage coarser by weight) 


Grain size Sample 
(inches) 
1 2 
22000 17.02 15.73 
1.000 (aI | Dd Shei (Hi! 
0.750 BOs Sy) 48.09 
0.350 65.24 C4 
02153 78.58 TEATS 
0.111 80.96 S355 
0.079 83.05 86.09 
02055 84.73 Coed 
0.039 86.72 90.33 
0.028 88.56 91.88 
0.020 90.72 93.0%, 
0.014 92.95 94.74 
0.010 94.90 95.55 
0.007 96.13 96.50 
0.005 97.01 97203 
0.003 97655 97.37 
0.002 Oyo, O7209 
0.002 99.99 100,00 
Largest particle tps) Bee 


Cibswaxis in inches) 
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APPENDIX C 


BED-LOAD SAMPLING 


en a es ee al a ee 
Dake Time Sample Sample Samplers Unit Bed- Mean Water 
Duration Weight Position Load Charge Discharge 
(for the 
sampling 
period) 
minutes lbs. lbs/min/ft. (ely BAS} 5 
eee 
26 May 15.10 B 20.1 LB O37 
15> 2 16.6 LB 8.3 
LW AAO) 2 14.5 LB the 
15 s20 3 2560) LB 126 
15.30 s 13/50 LB aby /) 16.0 
15.3) 4 32.8 LB Bae 
15.40 3 PB} J) LB Ua!) 
15.45 3 225) LB hes) 
ey s10 4 34.0 LB Sao 
15.0) 2 14.5 LB tie 
26 May 20.25 3 eo LB i.0 
20730 3 2720 LB 9.0 
20,35 $ So 2 MS FES) 
20.40 3 4.8 MS 1.6 
20.50 a) 4.5 MS hey Lie 
20.55 3 3Dae LB UL 
21.00 3 32 LB LO39 
21.05 3 23 <1 LB Tat) 
ZL2L0 3 80.6 LB LO ee 
Zi 3) 4.5 MS Ihe) 
27 May 17.45 3 3.4 MS 1B 
17 3 0.0 LB 0.0 
LAT is) 3 ia) MS 0.6 
18.00 eS 0.0 RB 0.0 
18.05 3 2.0 LB 0.7 16.0 
13510 3 22.50 MS Te0 
18.15 $ 0.0 RB 0.0 
18,20 § ile LB 2.4 
13.25 5 5.4 MS 1.8 
28 May 14.05 3) hs) LB 0.6 
14.10 3 0.0 MS 0.0 
14,15 3 0.0 RB 0.0 L350 
14.40 10 3.0 LB 0.3 
14.55 10 0.0 MS 0.0 
Lae LO iz 0.0 RB 0.0 
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APPENDIX C (Continued) 


oooe—————————————————————————————————— Seaguecaaneeeeeay 











: Sample Sample Sampler Unit Bed- Mean Water 
Dake Tine Duration Weight Position Load Charge Discharge 
(for the 
sampling 
period) 
minutes libs: ibs/min/ft. Ge le Sie 
eee ee ee en 
282May 915.30 10 E280 LB 2 
15.45 10 EO MS Onl 13.0 
LS. od 10 0.0 RB 0.0 
ay ae) 10 Mays LB i 
2oeMay LOT 20 10 isi LB Le Ls 
Ea 10 1.0 MS Oe 14.0 
19.43 10 0.0 RB 0.0 
29 May 15.45 10 LSA) LB Nes) 
ee, 10 220 MS On 
Lee i 10 0.0 RB 0.0 14.0 
16.20 10 iso LB On 
16.41 10 0.6 MS Oeil 
30 May 14.30 10 Pie LB 0.2 
14.40 10 Veg) LB OFZ 
14,50 10 AAAe) MS O72 
15.00 10 Le 2 MS Oe LZ i220 
5.40 10 0.0 RB 0.0 
15. 20 10 TOeS MS 1.05 
15.30 - 10 £O. 0 MS i @) 
30 May 19.05 5) Lee LB OF A0) 
19,14 5 Oot MS Ge 
Loe eu S) 0.0 RB 0.0 
19,26 5 0.5 LB Ozu 
T3522 = Be2 MS 0.6 
Loo 5 VAS) LB he) 14.8 
19.45 6 Lore MS 1.8 
19 653 5 Oe. MS Oat 
Be Tete 5) 60 LB Oeis 
Z2U5L6 5 LoS LB SER: 
OLOGY)? 5 0.5 MS OL 
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APPENDIX C (Continued) 


=e 











nears Tine Sample Sample Sampler Unit Bed- Mean Water 
Duration Weight Position Load Charge Discharge 
(for the 
sampling 
period) 
minutes lbs, lbs/min/ft. Ceinc 
eee 
SLeMa vf... 6 5) S165 LB a7 
D223 5 4.0 MS 0.8 
17.30 5 0.0 RB 0.0 
E7556 10 7.4 LB 0.74 
17.48 10 16,0 MS 1.6 1.0 
18.01 10 20.0 LB AW 
1Rst AEs! Ge 1620 MS P50 
18,25 10 te, MS Oey a2 
18.37 10 22.0 LB Zee 
6 June 14,00 OF 25 23,0 LB 9270 
14.25 On 2 WU MS 48.0 
14,27 0,25 ed MS 25.0 
14,30 OF 25 1050 MS 40.0 
14.40 LReL®) 25,0 MS FESS ©) 
14.45 10 2a MS Zaz 
14.48 0 34.5 MS 34.0 
14.50 0.5 Zoe U MS 46.0 
14,53 O55 2565 MS 51.0 38.0 
14550 0.25 305 MS 147.0 
14,58 0.20 34.2 MS L710 
15.00 0.20 14.4 MS 1Z.0 
15.04 0.25 oe LB 34.0 
15s 05 0.50 6.0 MS eae) 
15.07 0.50 0.0 LB 0.0 
15.08 0.50 2050 LB 41.0 
ye 0.50 aie LB 19,0 
6 June 16.15 0.5 LOE LB 21.0 
16,16 Hhest®) 14.5 LB 14.5 
L6, 19 OF 5 14.5 LB 29.0 
L65 22 O53) 0.0 MS 0.0 
16.25 Of 27.0 MS 54.0 
16.27 O55 28.0 MS 56.0 
16.28 0.5 Zee MS 45.0 
167, 31 OS 0.0 RB 0.0 34.0 
16,36 Oe. 14.5 MS PAE aL8) 
Te Gee AAs) oa) MS Lied 
16.41 Ae) 4.5 LB 4.5 
16.44 0.5 TESY) MS 14.0 
16.46 0.5 0.0 MS 0.0 
16.49 OFS SAE: MS 6.6 
16.50 0.5 0.0 MS 0.0 
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APPENDIX C (Continued) 








Sample Sample Sampler Unit Bed- Mean Water 


EAS ee Duration Weight Position Load Charge Discharge 
(for the 

sampling 
period) 
minutes Tbe lbs/min/ft. Ce ies 





7 June L4&. 20 


0 ee RB TEARS) 
Lids, 25 1.0 LBRO: MS i350 
hay 27 1.0 Oz0 RB 0.0 
bars ibe @) 260 MS e@) 
cy) 1.0 7.0 MS 70 
Vay 42 Le B25 MS Ph hs) 
14.46 1.0 T55 MS ib sys) 
14.50 Bel) 1325 MS 6.8 28.0 
E5525 Tha) LOD MS Hou 
Loes0 Lee5 ey 5) MS 623 
P5-31 15 8.5 MS 527 
U3 4 1.5 26e5 MS 19.0 
E40 then 5) a ®) MS 10.3 
Teer ibAs IS\ 8) MS 1s @) 
Pp>eaz 5.0 2020 LB 4.0 
PTZ Syl] 0.0 RB 0.0 
T5558 550 MESS LB By 8) 
8 June P5248 2 12.0 LB 6.0 
ite oh is 2a) MS : Pha) 
1556 2 De) MS eee 
16.02 2 3.0 RB Li 
lo203 2 10.0 MS ae 
16.06 2 3320 LB Nes 26.5 
Sy, 1a 2 12.0 MS 6.0 
16.14 D 21.0 LB Shy 
LOLS Zz 0.0 RB 0.0 
Loe. 2 4.0 MS 20 
Lore Zz 13 e5 LB 6.8 
9 June 15.00 30 10 MS 0733 18.5 
152350 30 15 MS 0.50 : 
9 June 16.30 60 1 MS 0.0 
10 June 15.00 10 16 LB 0.1 
eset) 10 0 MS 0.0 16.0 
15.30 10 0 RB 0.0 
L545 60 18 LB 0.3 
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APPENDIX C (Continued) 


SS ee 











Sample Sample Sampler Unit Bed- Mean Water 
ee cone Duration Weight Position load Charge Discharge 
(for the 
sampling 
period) 
minutes rose lbs/min/ft. Catnss 
P2eJune 15.00 10 Jey 8) MS eld lS 
Eoek> Te 4.5 LB 0.41 Kelp) 
EOw0 10 0.0 RB 0.0 
22eJ0nee 20400 2 0.0 LB 0.0 
20.05 4 0.0 MS 0.0 
20.10 4 252) RB veel 24.0 
Z0et 5 0.0 LB 0.0 
20520 3) 6.8 MS figs 3) 
20520 3) 0.0 RB 0.0 





<eeLbe == Lente pank 
MS - Mid-Stream 
RB - Right Bank 
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